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= HE life table, by one definition, proposes to follow a cohort 
| or generation of say 100,000 persons from the moment of 
| birth, recording, at each year of life, the number of 
= =| survivors, until the entire group is accounted for by death. 
From this array of survivors, by suitable devices, several other life 
table characteristics are computed. One of these, the expectation of 
life, tells us at each age of life the average number of years of after- 
lifetime remaining. This life table characteristic is of interest to 
students of population and of vital statistics; it is also a very helpful 
instrument in the study of mortality and in the service of advancing 
public health programs. 

There is, however, a fundamental departure from these basic con- 
cepts in the usual method of constructing life tables. As a matter of 
fact, in the computations we do not ordinarily follow through a cohort 
of 100,000 persons from birth until death, recording the survivors of 
each year; the customary procedure is rather of the nature of taking 
a snapshot of current mortality at each age, and upon this to construct 


*Based on a paper presented before the Population Association of America, at 
Chapel Hill, N. C., May, 1940. 
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a life table for a hypothetical cohort assumed to be exposed throughout 
life to this specific mortality at each age. There is a fundamental 
difference in the two procedures, because in modern times mortality 
rates have been and still are constantly and very materially improving 
at the younger ages, with some improvement noted at the middle ages. 
As a generation or cohort goes through life, conditions change, and those 
persons who have survived from earlier calendar periods into later years 
enjoy the benefit of the improved mortality. It is, however, possible 
on the basis of records going back to the last century, to construct 
“generation” life tables relating to a cohort traced through life, in 
accordance with the original conception of a life table. When a table 
of this kind has been prepared it is of interest to compare it with the 
corresponding current life tables. We can then observe what effect the 
improvement of mortality has had on the actual average length of 
life computed for the cohort, as distinguished from their expectation of 
life at birth, based on the particular age-specific mortality prevailing at 
the time of their birth. 


PREVIOUS INVESTIGATIONS 


It has long been recognized that current life tables cannot be used 
safely in making forecasts of populations or of annuity values which 
depend upon future mortality conditions. Thus, Knibbs (1) stated that 

For the accurate prediction of life, however, existing tables are not at all 

satisfactory, because, representing past experience, they take no account of the fact 
that the rates of mortality for the major part of life are rapidly diminishing, that 
is, the probability of life is increasing for every age, say up to 60 for both sexes 
in many and, probably, in all civilized countries. 
Knibbs, accordingly, proposed the construction of “fluent life tables” 
using age-specific mortality rates projected into the future on the basis 
of their observed trends. The procedure thus followed by Knibbs is 
quite different from that of observing the actually recorded mortality 
of a generation traced from birth. 

Another approach to the problem of preparing life tables which may 
be used in forecasts involving life contingencies was taken by Irving 
Fisher (2), by Dublin (3), by Dublin and Lotka (13), and by Whelpton 
(14). The table by Fisher was based upon assumed reductions in 
death rates from each cause of death as estimated by a number of 
physicians. In the tables by Dublin and Lotka, an empirical set of 
reduction factors was applied to the age-specific mortality rates in a 
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life table based upon actual experience. The reduction factors were 
arrived at after an examination of recent trends in age-specific mortality 
and after surveying the experience of communities with exceptionally low 
mortalities. Consideration was also given to the probable effect that 
recent advances in medicine and public health practice may have upon 
the then current death rates at the different stages of life. Practically 
the same considerations were taken into account by Whelpton. In 
the preparation of these hypothetical tables, no specific consideration 
was given to the possibility of extrapolating future mortality rates from 
the observed for specific generations. 

The case for investigating the mortality experience of specific gener- 
ations for the purpose of estimating the future was clearly discussed 
by Elderton (9). In attempting any forecast of mortality age by age, 
the seemingly most obvious procedure would be to project a trend for 
each age on the basis of the given values for past calendar years. 
Regarding this, Elderton remarks: 


The method can, however, be criticised; it assumes that the rates of mortality 
at consecutive ages are independent so that a cause operating in the year ¢ on 
lives aged # will have no after-effect on the same group of persons the next year 
(c + 1) when they are a year older. This may prove to be unimportant arithmetic- 
ally but it must be wrong in some circumstances. Thus, if we assume an immigration 
of a healthier group of persons at ages 20 to 30, which is discontinued after ten years, 
we shall trace the effect at subsequent ages through subsequent years, but the 
sequence of rates of mortality at the same ages (20 to 30) will be seriously disturbed. 
Again, the circumstances through which people passed during the war were such 
that it would be surprising if their subsequent mortality were unaffected by this 
past experience and, in making these remarks, I am not referring only to those who 
engaged in active warfare: everyone was affected. 


These considerations had already prompted the studies of Davidson and 
Reid (6), and of Derrick (7). Later, Kermack, McKendrick, and 
McKinlay (10, 11), Cramer and Wold (12), Greenwood (21), and 
Rhodes (22) gave further thought to the problem. Several of these 
investigations on the mortality of generations traced from birth have 
been concerned principally with the search for signs of influences pre- 
vailing about the time of birth and early childhood and showing their 
effect throughout the life of the generation. 

More recently, Delaporte (15) using French data, made a study of 
the mortality of individual generations; he then computed the propor- 
tions in each generation that survived from birth to later ages and also 
the average length of life of the generations. The present paper also 
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examines these fundamental characteristics of generations, using data 
for England and Wales and also for the United States. In addition, 
it contains comparisons of the mortality, survivorship, and mean after- 
lifetime for each generation studied with the corresponding findings in 
the life table current in its year of birth. 


METHOD OF COMPUTING “GENERATION” LIFE TABLES 


It is obviously impracticable to construct a “generation” life table 
directly by tracing the numbers of survivors in one specific generation 
of birth, in accordance with the definition cited, for this would require 
a complete set of observations on all individuals of the cohort followed 
up through about 100 years. But an essentially equivalent result is 
obtainable retrospectively by extracting from existing population records 
the age-specific death rates over a period of years in the past and follow- 
ing the procedure given below. 

In computing the generation life tables here presented, advantage 
was taken of existing current life tables for certain calendar years in 
the past. The material used in this way was, first of all, the long series 
of life tables for England and Wales from the period 1871-1880 to 
1930-1932. For American data only a shorter series is available, and 
computations were made on the basis of life tables for Massachusetts 
starting at 1890 and carried to 1929-1931; another set of computations 
was made using the life tables for the Original Death Registration 
States of the United States from 1901 to 1929-1931. The computations 
in each case were based on the life tables for males and females 
separately. 

The method of procedure is fairly simple. The successive English 
life tables used were assumed to typify the conditions in the central 
year of the period covered by each; the life table for 1871-80 was 
assumed typical of the year 1876, the life table of the period 1881- 
go to cover the year 1886, etc. Then, the infant mortality ? rate of the 
generation born in 1876 is given by the life table for 1871-80, their 


* For the sake of brevity, the term infant mortality is here employed to denote 
the probability of a newborn infant dying within its first year of life. The custom- 
ary definition of infant mortality is the number of deaths under one year of age per 
thousand live births during the calendar year. These two definitions are not 
strictly equivalent, and it is the first of these two definitions which is applicable in 
the text. 
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mortality rate at age 10 is given by the life table for 1881-90, and so or 
up to age 55, when their mortality rate is given by the life table for 
1930-32. For the higher ages the mortality rates were assumed tc 
remain unchanged as of 1930-32. This need cause little concern, for 
it is known that mortality rates at the higher ages have shown relatively 
little change in the past and are hardly expected to improve materially 
in the immediate future. The mortality rates in the generation for ages 
not given by available life tables were estimated by linear interpolation 
from the mortality rates at these ages in the two adjacent life tables.® 
With a set of age-specific mortality rates thus obtained for the genera- 
tion born in 1876, it is then an easy matter to find what proportion of 
the original cohort would survive to successive ages of life, and also 
to find their average length of life, or, in other words, their average 
after-lifetime at birth, and also their average after-lifetime at successive 
ages—that is, to construct a generation life table for those born in 1876. 


COMPARISON OF CURRENT AND “GENERATION” LIFE TABLES 


1. Mortality: The essential facts for the generation of English 
males born in 1876 are set forth in Table 1. According to the data in 
this table, the generation was subjected to an infant mortality rate of 
158.58 per 1,000 the figure indicated in the life table for 1871-80. By 
the time the generation had attained age 10 in 1886, its mortality rate 
was only 1.95 per 1,000, less than half of that indicated in the life table 
for 1871-80. Those of the generation who had survived to age 20 in 
1896 experienced a mortality rate of 4.57 per 1,000, which was 27.1 
percent less than that prevailing among persons of age 20 in 1876. 
At age 55, the death rate actually observed for the cohort was 16.14 per 
1,000, the corresponding reduction in this case amounting to close to 
40 percent. Corresponding data for the generation of English females 
born in 1876 will be found in Table 2. By comparing the figures in 
Table 1 with those in Table 2 it will be noted that the percent improve- 
ment in age-specific mortality actually experienced, over that prevailing 
in the year of birth, is consistently better for females than for males. 


*This procedure does not take into account the year-to-year fluctuations in the 
mortality rates between the dates to which the successive life tables refer. Any 
attempt to do so would necessarily involve an amount of labor out of proportion 
with the effect on the conclusions to be drawn. 

*See footnote (2). 
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For example, at age ten, the reduction in mortality amounted to 51.4 
percent for males and 58.6 percent for females; at age 30, the corres- 
ponding figures were 39.7 and 43.8 percent, and at age 55 they were 
39.5 and 43.9 percent. 

2. Survivorship: The more favorable mortality experienced by 
the generation in the course of its advancing years, as compared to that 
prevailing in its year of birth, results in a saving of life which is truly 
impressive. Thus, the lower panel of Table 1 shows that, if the genera- 
tion of males born in 1876 started with 100,000 live births, then 71,919 
actually ° lived to reach age ten. This figure is 1,020 more than the 
number expected to survive to age ten on the basis of mortality con- 
ditions observed in their year of birth. In other words, out of the 
number surviving to age ten, over 1,000, or almost one and one-half 
percent owed their lives to the improvement in mortality in the decade 
following their year of birth. 

It is interesting to observe the number of lives saved in the cohort 
as it progressed through life. At age 30, the number of lives saved in 
the cohort of 100,000 males traced from birth had grown to 3,386, or 
practically 5 percent of the 66,390 who actually survived. By the time 
the generation had attained age 55 in 1931, there were 53,315 still alive, 
and, of these, 10,847, or almost one-fifth, owed their survival to the 
reduction in mortality since their year of birth. Corresponding results 
for the generation of females born in 1876 will be found in the lower 
panel of Table 2. 

So far, the generations of males and females born in 1876 have 
been traced up to age 55 in 1931 on the basis of mortality actually 
experienced, and the number of survivors have been compared with 
the situation that would have prevailed if mortality had been static at 
the various ages as of the year of birth. It would be interesting also 
to note what the future of these cohorts would be if they were subjected, 
at the ages past 55, to the actual mortality rates to be observed for these 
ages in the calendar years when they are attained. But obviously this 
will require a waiting period of many years. For all practical purposes, 
however, the mortality rates at the several ages past 55 may be assumed 


* It will be recognized that the word “actually” as used here and in the sequel is 
to be understood as referring to a number calculated as described, on the basis of 
mortalities corresponding to the actual conditions encountered by the generation in 
its way through life. 
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to be very similar to those actually recorded in 1931, our last year of 
observation. The result of a calculation based on this assumption is 
shown in Fig. 1. 


COMPARISON OF SURVIVORSHIP FUNCTION 
IN A GENERATION LIFE TABLE AND IN A CURRENT LIFE TABLE 
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In this figure, the two curves descending from left to right represent 
survivors to successive ages out of 100,000 live births in 1876. The 
upper curve shows the actual survivors according to observed mortality 
up to age 55 in 1931, and beyond this age, the survivors computed on the 
assumption of no further improvement after 1931. The curve under- 
neath this representes the survivorship column in the life table for 1871- 
80, based on the then current mortality. The third curve, at the bottom 
of the figure, is found by taking the difference between the first two 
curves, and thus represents the lives saved by improvement in mortality 
from the year of birth up to the age attained. The rise in this curve, 
which, from what has been said above, continues at least as far as age 55 
on the basis of actual observations, is seen to continue to a maximum of 
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about 12,000 at age 65 in the case of males and to a maximum of about 
13,750 at age 70 in the case of females. Inspection of the numbers in 
the last line of Tables 1 and 2, giving the lives saved by improvement in 
mortality since the year of birth in 1876, shows greater gains for females 
than for males at each age. This, of course, reflects the greater relative 
improvement in the age-specific mortality rates for females, which has 
already been noted. 

The 12,000 male lives thus saved at age 65 constitute almost 30 per 
cent of the 41,800 who survive to that age on the basis of actual experi- 
ence ; practically the same percentage was found for females at age 6s. 
Insofar as the situation described here for England and Wales applies 
likewise to the United States, it can be said, with reasonable confidence, 
that about 30 percent of the persons alive today at age 65 owe their 
existence to the advances of science and standards of living that have 
contributed to reduce mortality since their birth. Actually, many per- 
sons of age 65 now in our population were born in countries where the 
expectation of life, at the time of their birth, was undoubtedly below 
that then current in England and Wales or in the United States. Among 
these persons, there is good reason to believe that considerably more 
than 30 per cent owe their lives to the improved conditions they have 
enjoyed on the score of their betterment in geographic environment, 
in addition to the general advances in science. 

3. Years of life: With information available regarding the actual 
mortality and survivorship of the cohort born in 1876, it becomes pos- 
sible to compute not only the average length of life of this generation, 
but also the average years of life lived after any attained age. The 
results may then be compared with the expectation of life at the attained 
ages according to current life tables constructed for the year, or period, 
in which the ages were reached. In describing the results of this compu- 
tation, which are shown in Table 3, it will be convenient to deal with the 
higher ages first and proceed backward. Since the cohort being studied 
could be traced on the basis of actual experience only until it had 
attained age 55 in 1931, it was necessary to assume that the expectation 
of life at that age according to the life table of 1930-1932, namely 17.9 
years for males and 20.2 years for females, represents the average 
number of years of life that will actually be lived beyond age 55. 
Although it is likely that future years will show improvement in these 
figures, as gains are made in controlling diseases of middle life and old 
age, material improvements are hardly to be expected on the basis of 
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TABLE 3 
l 3 ‘ 
Comparison of expectation of life at selected ages with years of life 
remaining on basis of subsequent mortality experienced by a 
. cohort traced from birth in 1876 in England and Wales 
; 
YEARS OF LIFE 
- YEARS OF LIFE EXPECTATION LIFE TABLE GAINED BY 
ATTAINED AGE REMAINING OF LIFE FROM WHICH SUBSEQUENT 
: pn ATTAINED ON BASIS OF IN YEAR OF EXPECTATION IMPROVE- 
IN SUBSEQUENT ATTAINED OF LIFE MENT IN 
5 MORTALITY AGE WAS DERIVED MORTALITY 
, UP TO 1930-32 
} 
2 Cohort of males 
2 Birth 1876 46.3 41.4 1871-80 4.9 
' 10 1886 53-7 49.0 1881-90 4-7 
: 20 1806 45.1 41.0 1891-00 4.1 
> 30 1906 37.2 34.8 1901-10 2.4 
4 35 IQII 33-3 31.7 1910-12 1.6 
: 45 1921 25.4 25.2 1920-22 2 
4 55 1931 17.9 17.9 1930-32 0 
] Cohort of females 
Birth 1876 50.6 44.6 1871-80 6.0 
: 10 1886 56.9 51.1 1881-90 5.8 
' 20 1806 48.4 43-4 1891-00 5.0 
30 1906 40.3 37.4 I9Q0I-I0 2.9 
> 35 1911 36.3 34.4 1910-12 1.9 
- 45 1921 28.2 27.7 1920-22 5 
e 55 1931 20.2 20.2 1930-32 o 
1 
| sin ; 
our present state of knowledge within the next few years through which 
i the cohort being studied must pass. The assumption of a fixed expecta- 
tion of life for age 55 is therefore essentially admissible and in any case 
| | is necessary as a starting point for our computation. It should, of 
s . . ° . 
. course, be borne in mind in the comparisons about to be presented. 
1 It turns out that the average years of life remaining per survivor 
f on the basis of subsequent mortality when the cohort of males attained 
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age 45 in 1921 was only .2 years greater than the expectation of life 
(25.2) at that age according to the current life table of 1921. The 
difference is less than one percent. Naturally, when the figures for 
the cohort at its younger ages are examined, the number of years of 
life gained, over the current expectation of life, by the subsequent 
improvement in mortality becomes appreciably greater. When the 
cohort was age 30 in 1906, the expectation of life indicated in the life 
table for 1901-1910, namely 34.8 years, was almost two and one-half 
years below the years of life actually remaining. At its birth in 1876, 
the cohort had an expectation of life of 41.4 years, according to the 
life table for 1871-1880. Actually, the average length of life for this 
cohort of males is 46.3 years,® or 4.9 years greater than the expectation 
of life at birth. For the generation of females born in 1876, the gain 
was even greater, amounting to 6.0 years; in this instance, the average 
length of life came to 50.6 years while its expectation of life at birth was 
44.6 years. The superiority of the females in years of life gained 
over expectation of life was also manifest at the higher ages. Accord- 
ing to this example, the expectation of life at birth would have erred as 
a measure of longevity by an understatement of 12 percent in the case 
of males and of 13 percent in the case of females. 


“GENERATION LIFE TABLES FOR AN ENTIRE POPULATION 


So far, the example has been concerned only with a single cohort 
born at one particular point of time and traced from birth to death on 
the basis of mortality actually experienced. Brief consideration will 
now be given to a corresponding example for an entire population 
comprising persons of various ages living at one time. For this purpose, 
the pertinent facts relating to the population of England and Wales in 
1876 are presented in Fig. 2. The details regarding males and females 
born in that year have already been fully described and will not be 
repeated here. But according to the life table for 1871-1880, which 
may be used to represent conditions in 1876, males then alive at age ten 
had an expectation of life of 47.6 years. By tracing them forward as 
a cohort on the basis of the mortality actually experienced, it is found 
that the average number of years of life remaining to them came to 
52.0, or 4.4 years more than their expectation of life. Similarly, males 


* Allowing, as indicated above, for survival after 1931 according to the mortality 
rates then prevailing. 
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ACTUAL AVERAGE AFTER-LIFETIME 
FOR PERSONS OF SPECIFIED AGES IN ENGLAND & WALES, 1876 
COMPARED WITH THEIR EXPECTATION OF LIFE 
UPPER FIGURE = AVERAGE Lemem oF | pay ans IN ACCOUNT IMPROVEMENT 


LOWER FIGURE = EXPECTATION OF LIFE ON BASIS OF MORTALITY AS OF 1876 
MIDOLE FIGURE = YEARS OF LIFE GAINED BY SUBSEQUENT IMPROVEMENT IN MORTALITY 






FEMALES 














BIRTH 10 
ATTAINED AGE IN 1876 ATTAINED AGE IN 1676 


Fru. 2 


at age 20 in 1876 had an expectation of life of 39.4 years, but the 
average after-lifetime remaining was greater by 2.3 years. At age 30, 
the expectation of life was short by one year, at age 40, by .3 years, 
and at age 50, it was identical with the average years of life subsequently 
lived. 

The superiority of females over males in increasing their longevity 
over their current expectation of life is again evident when their corres- 
ponding data for various ages are examined. Whereas females who 
were age ten in 1876 actually lived 5.0 years longer than their expecta- 
tion of life at that time, males of that age gained only 4.4 years. For 
those who were age 30 in 1876, the respective gains were I.5 years and 
one year, and for those age 50 in that year, there was no gain in either 
sex. It is thus seen that, not only for the new-born of 1876, but for 
persons at every stage of life at that time, up to age 50, actual survival 
has materially exceeded the expectation based on the current life table 
for that period. 
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“GENERATION LIFE TABLES FOR SUCCESSIVE GENERATIONS 


1. After 1876. There is still another line of investigation open, 
namely, a comparison between expectation of life at birth and average 
years of life actually remaining for each of the generations born in 
England and Wales, in 1876, 1886, 1896, 1906, I911, and 1921. In 
this analysis, the limitation of the process of tracing a cohort by its 
actual mortality becomes more accentuated as we proceed to more 
recent generations. While it was possible to trace the generation born 
in 1876 on the basis of its actual mortality until it reached age 55 in 
1931, for the generation born in 1886, the process of tracing was 
feasible only until the cohort attained age 45 in 1931. In corresponding 
manner, the generations born in 1896, 1906, I9QII, and I92I can be 
traced by actual mortality only until ages 35, 25, 20, and 10, respectively, 
are attained in 1931. In each case, the mortality assumed for the higher 
ages was that of the life table for 1930-1932. 


GAIN IN AVERAGE LENGTH OF LIFE 
BY IMPROVEMENT IN MORTALITY SINCE YEAR OF BIRTH 
ENGLAND AND WALES 
UPPER FIGURE = AVERAGE LENGTH OF LIFE TAKING IN ACCOUNT IMPROVEMENT 
IN MORTALITY SINCE YEAR OF BIRTH 


LOWER FIGURE = EXPECTATION OF LIFE AT BIRTH 
MIDOLE FIGURE = YEARS OF LIFE GAINED BY SUBSEQUENT IMPROVEMENT IN MORTALITY 









FEMALES 


1896 86 1696 1906 
YEAR OF BIRTH YEAR OF BIRTH 
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Despite the limitation imposed for these later cohorts, there is a 
certain interest in the results, for they indicate a minimum estimate of 
the gain in actual longevity over expectation of life at birth for each of 
the successive generations dealt with. They indicate minimum gains 
because it was assumed that no improvement in mortality occurred in 
England and Wales after 1931; reports issued since 1931 but prior to 
the outbreak of war in September, 1939, show reductions in the death 
rate, but it was not expedient to use this information in the computa- 
tions. 

The results of the computations are shown in Fig. 3. Starting with 
the generation born in 1921, it is seen that simply by improvement in 
mortality in the decade following their year of birth, the average 
length of life of males has been increased by 1.3 years as compared to 
their expectation of life at birth, while females gained 1.5 years. Simil- 
arly, in the generation born in 1911, males will have an average length 
of life at least 2.4 years greater than their expectation of life at birth 
and females will gain 2.6 years, and so on for the earlier generations. It 
must not necessarily be inferred from these figures that the more recent 
generations will ultimately show smaller excess in their average length 
of life beyond their expectation at birth than the earlier generations. 
The more recent generations are still young and have before them many 
years which will undoubtedly benefit from further diminutions in mor- 
tality. Still, it must be admitted that the more recent generations were 
born in periods of higher expectation of life at birth and further 
improvements will become increasingly difficult. 

Computations corresponding to those for England and Wales were 
carried out for the generations born in Massachusetts’ and in the 
Original Death Registration States in 1901, I910 and 1919-1920. The 
results, shown in Fig. 4, are essentially like those found for England 
and Wales. The improvement in mortality from the time of their 
birth in Massachusetts in 1890 until they attained age 40 in 1930 
netted the generation of males a gain of 4.9 years beyond their expecta- 
tion of life at birth and the females a gain of 5.1 years. The figures for 
expectation of life at birth were 42.5 years and 44.5 years respectively. 
The gains found for babies born in Massachusetts in I910 are 3.3 
years for males and 3.4 years for females. These are somewhat greater 


"A computation was also made for males and females born in Massachusetts in 
1890. 
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than the figures observed in the Original Death Registration States 
for 1910 which are 2.6 years for males and 3.0 years for females. 
However, the latter are not far different from the corresponding figures 
for children born in England and Wales in 1911, which were 2.4 years 
for males and 2.6 years for females. 

2. Prior to 1876. In each of the examples so far cited, a sizable 
gain in longevity for the generation has been shown over its expecta- 
tion of life at birth; for the generation born in 1876, as we have seen, 
the gain was quite considerable. However, it cannot be inferred from 
these findings that similar gains prevailed for generations born in prior 
years. To investigate this aspect of the problem, a “generation” life 
table was prepared for the generation born in England and Wales in 
1841. Use was made of the life tables for 1838-1844 and 1838-1854, 
centered at 1841 and 1846 respectively, in addition to the series of life 
tables beginning with 1871-1880.° 

The resulting computation showed that the generation of males 
born in 1841 had an average length of life of 40.4 years, a figure 
identical with the expectation of life at birth according to the life 
table for 1838-1844. For females, the average length of life was 43.5 
years, or only 1.5 years more than their expectation of life at birth 
(42.0 years). In other words, there was either no gain or only a slight 
gain in longevity over the expectation of life at birth for the generation 
born in 1841, as compared with the generation born in 1876, which 
showed a gain of 4.9 years for males and 6.0 for females. This com- 
parison indicates strikingly that improvement in living conditions and 
progress in public health in the middle of the last century was indeed 
slow. The public health movement in England and Wales and in the 
United States began to have its effect upon longevity only in the last 
quarter of the century, when increasing advantage was taken of the 
extraordinary discoveries regarding the spread and prevention of 
disease. 


*In this computation, it was necessary to interpolate mortality rates for the 
generation at ages from 5 to 35 between the life table for 1838-1854 (centered at 
1846) and that for 1871-1880 (centered at 1876). Although this range of inter- 
polation is rather wide, the method of interpolation (see text) yields mortality 
rates which are probably not far from the actual at ages near 5 and 35. The 
margin for error is greatest at the center of the interval from 5 to 35, namely at 
age 20. 
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GAIN IN AVERAGE LENGTH OF LIFE 
BY IMPROVEMENT IN MORTALITY SINCE YEAR OF BIRTH 
MASSACHUSETTS AND- ORIGINAL DEATH REGISTRATION STATES 


UPPER FIGURE = AVERAGE LENGTH OF LIFE TAKING IN ACCOUNT IMPROVEMENT 
iN MORTALITY SINCE YEAR OF BIRTH 


(OWER FIGURE = EXPECTATION OF LIFE AT BIRTH 
MIDOLE FIGURE = YEARS OF LIFE GAINED BY SUBSEQUENT IMPROVEMENT IN MORTALITY 


MALES FEMALES 


Se 52 


ae 





%4 
Be ’ GRAS? : 
Mass ORS. ORS. 
90 “—i90i1—. “—-1910-—_ “1919-20 1901— 
YEAR OF BIRTH YEAR OF BIRTH 
Fic. 4 
CONCLUSION 


it is evident, from the facts presented above, that the expectation 
of life at birth, as derived by the usual methods of life table construction, 
and applied to cohorts living in recent decades, falls short as a measure 
of the longevity of a generation. In the instance of the generation born 
in England and Wales in 1876, it was noted that the expectation of 
life at birth was less than the average length of life based upon the 
mortality actually experienced, by almost five years for males, and six 
years for females. However, so great a disparity is not likely to be 
experienced by generations recently born, although this trend will con- 
tinue so long as mortality improves. A population cannot, of course, 
continue indefinitely to outlive its expectation of life at birth; a point 
will some day be reached characterized by optimum mortality. But 
there is still ample room for progress; for, the most modern develop- 








456 HUMAN BIOLOGY 


ments in medicine, sanitary science, nutrition, and public health have by 
no means been utilized to their full capacity. 

There is, at present, a growing importance to the problem of fore- 
casting age-specific mortality rates and the preparation of hypothetical 
life tables based on such rates. Particular attention has been given by 
actuaries interested in the trend of mortality among annuitants and by 
demographers concerned with the estimates of future population. In 
case of annuitants, the mortality situation is unique in one important 
respect. As a class, they are concentrated at the advanced ages, and, 
as far as the general population is concerned, these ages have shown 
little improvement in mortality within the history of our public health 
movement. Nevertheless, it has been observed in successive investi- 
gations, that the mortality experience on annuity contracts is gradually 
improving (4,17). Since this tendency toward lower mortality and the 
consequent increase in longevity may result in greater sums being paid 
to annuitants than anticipated in their contracts, actuaries find them- 
selves required to adopt a conservative attitude in setting up annuity 
rates; for what is a source of gain to the insurer in a life insurance 
policy can be a source of loss in an annuitant’s contract. 

Likewise, the modern approach toward forecasting population 
requires, as an essential ingredient, a careful estimate of future mortality 
at various ages. That these forecasts are matters of more than academic 
interest was shown quite recently, when practical problems involving 
future mortality and population arose in connection with the old age 
insurance provisions of our social security program (18). As a matter 
of fact, any long range planning by government and by industry will 
necessarily be built around estimates of our future numbers (19, 20). 
In any future population policy, important consideration must be given 
to estimates of population growth (20). 

Since the problem of preparing estimates of future mortality is thus 
an eminently practical one, it is obvious that our available information 
should be analyzed in all of its aspects. By adding an investigation of 
the mortality experience of generations traced from birth to our studies 
of mortality along the more traditional lines, we are perhaps increasing 
the likelihood that future estimates will be more in harmony with the 
facts. 
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PHYSIQUE IN HEREDITARY MENTAL DEFECT 
AN ANTHROPOMETRIC STUDY OF 97 
‘OLD AMERICAN’ FEMALE MORONS 


BY ALBERT DAMON* 
Department of Anthropology, Harvard University 





ProBLEM, MATERIAL, TECHNIQUE 


qL1E relation between body and mind is currently receiving 
increased attention and improved methods of investigation 
on several different fronts. The broad outlines of the 
=| problem have already been marked out ; research now should 
be so constructed as to provide a definite answer to a specific problem, 
and procedure so standardized as to facilitate subsequent comparisons. 
Previous studies (1) on the whole indicate that there are undeniable 
associations of physique with intelligence, that aspect of mind considered 
here. Their existence and extent have been obscured by the operation 
of insufficiently controlled but relevant variables. Before somatic 
differences between normal and defective groups, even when statistically 
significant, can be deemed associations primarily with intelligence — sex, 
age, race, and socio-economic status should be controlled; as should 
the type and severity of defect. Moreover, a range of intelligence 
should be secured wide enough to disclose a relationship which is 
apparently neither linear, causal, uniform (in all segments of the 
intelligence continuum), nor even—for many traits—very close. 

Subjects. The defective group consists of 97 ‘Old American’ 
females between 20.2 and 53.5 years of age (mean age: 29.8 + .51 
years) in State institutions for the feeble-minded in Massachusetts, 
Connecticut, Rhode Island, and New York. Table 1 shows the geo- 
graphical distribution of the subjects, all of whom are hereditary morons 
of the very lowest social class. 

An Old American is a person “whose parents as well as all four 
grandparents were born in this country” (Hrdlicka (10)). A moron 







* Now with the Committee on Human Development, University of Chicago. 
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TABLE 1 


Geographical distribution of morons 
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is an individual whose I. Q. remains between 50 and 70 on successive 
retestings. As defined for this study, an “hereditary” moron is one in 
whose family mental deficiency and/or psychosis definitely appears, and 
for whose defect no other possible etiology has been demonstrated. 
The former stipulation prevents the “hereditary” from being merely a 
residual classification (such is another institutional category, the “undif- 
ferentiated”) ; the latter excludes known traumatic and post-infectious 
cases. The work of Greene (2) and Duncan (3), though Slater (4) 
disagrees, provides some justification for assuming for this purpose a 
connection between psychosis and feeble-mindedness. The sample is 
still further “purified” by the exclusion of psychotics and of persons 
with any physical affliction, hereditary or acquired, likely to affect the 
characters studied. 

Selection was based on information provided in the institutional 
case records. Most of the morons are from inbred rural communities 
and hence considerably exceed the minimum requirements for Old 
Americanism. Some cases officially diagnosed as “hereditary” defec- 
tives were rejected from the study because the evidence was considered 
insufficient—I. Q. tests, psychiatric diagnoses, and/or institutionalization 
of relatives were required for this purpose. Thus, defect is present 
in the subjects’ heredity; whether this is actually the cause of their 
feeble-mindedness cannot be determined. However, three factors favor 
this view: (1) institutions contain a larger proportion of the hereditary 
type than occurs among morons in general (Fernald (5) ) ; (2) abnormal 
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labor and birth trauma, a possible etiology not eliminated by the pre- 
vious selection, produce idiots and dull normals rather than morons 
(Dayton (6)), (Findlay (7)); and (3) owing to the recessive nature 
of the defective genes controlling mental development, inbred rural 
communities are fertile sources of hereditary feeble-mindedness. 

Technique. The standard anthropometric procedure of Hrdlicka’s 
manual was employed, with some modifications, after Hooton (8). For 
head height, no special instrument was used other than the anthropo- 
meter as sliding caliper (Howells’ “projective” method (9)). The 
final measurement is the average of the two tragion-vertex readings. 
This procedure is simple and allows the detection of bilateral asym- 
metries, of frequent occurrence in defectives. 

Controls. Three published series of Old American females were 
utilized: one by Hrdli¢ka (10) and two by Carter (11). Hereafter, 
the four series will be designated respectively Morons, Laboratory, POA 
(Pembroke College), and UTOA (University of Tennessee). Although 
the 3 normal series satisfy the racial requirement, afford checks on age 
in both directions, and differ considerably from the Morons in intel- 
ligence, social status (especially of the college students) is too high. 
Accordingly, a fourth normal group (hereafter called C of P) was 
selected from the females over 20, native-born white of native parentage, 
who were measured by the Harvard Laboratory at the Chicago 1933 
Century of Progress Exposition. These measurements were collected 
under the direction of Dr. C. W. Dupertuis, who kindly allowed access 
to the unpublished data. 


TABLE 2 


Size and age of series 








MORONS COFP LABORATORY POA UTOA 
NED 35540 ceaneaneuned 97 183 210 109 161 
Age in years — mean + pe. 29.82.51 33.2%.48 41.0 19.3 19.3 
Age in years — range..... 20.2—53.5 20—58 22—60 16—25 17—25 





In the C of P series, Old Americanism was approximated by 
selecting for surname and (Protestant) religion; low social status, by 
using educational and occupational data. For example, no one was 
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admitted who had ever attended college, music school, business school, 
etc. Both procedures were admittedly imperfect, but represent the 
best that could be done with the available information. Although the 
C of P series is not quite as strictly Old American as the others, its 
age is closer to that of the Morons. The same is true of intelligence 
and social status, both of which still remain higher. Moreover, all con- 
stants can be calculated for this series, enabling the significance of 
differences to be estimated—this is not always possible for the other 
controls. And finally, since the Morons and C of P series employed the 
same anthropometric blank and technique, the latter serves as sole control 
group for some characters. 

It may be noted here that social status affects only certain of the 
characters studied; and of these some (e.g., head length, bizygomatic 
diameter, stature, various indices) differ more than can be expected on 
the basis of social status alone, while others (e.g., chest depth, upper 
face height, nose height) differ in the opposite direction to that expected 
on the same basis. 


RESULTS 


First the Moron constants will be presented; then the Morons will 
be compared to the normal series in respect to means for separate traits, 
morphological observations, and variability. In the interests of stand- 
ardization, the tabular arrangement of Gray and Ayres (12) and of 
Gray (13) will be followed. 


Anthropometry. 

Comparison of moron with normal means. With 3 as the level of 
significance of the Critical Ratio CR (difference/its probable error), 
the following eight traits do not differ as between the Moron and normal 
series: biacromial diameter, chest breadth, total face height, bigonial 
diameter, nose breadth; and relative sitting height, cephalic index, and 
zygo-frontal index. 

In nasal index, the Morons are significantly lower than two of three 
control groups, and in total facial index significantly higher than three 
of four controls. For the former index the POA, and for the latter 
the UTOA mean does not differ from the Moron. Hence, these two 
indices do not vary solely, if at all, with intelligence. 
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5 TABLE 3 
ool, 
the § Table of constants 
the Female hereditary morons Age: 29.8 + .51 (20-54) N:97* 
its § Mass., Conn., R.I., N.Y. Race: Old American 
nce 
on- j MEASUREMENT MEAN P.E. S.D. P.E. C.V. P.E. RANGE 
of 
her Weight (lbs.) ....... W 119.5 11.2 17.8 86 14.9 72 86-185 
Stature (mm)....... S 1549.9 4.1 50.8 2.90 3.86 .19 1357-1677 
the SE ascbbéehncocens Sp 1565.6 5.0 71.9 3.52 4.58 .22 1406-1724 
trol Sitting height........ Si 830.1 212 308 1.5 3.71 .18 743-892 
Shoulder biacromial. . BA 346.2 1.1 15.9 77 458 .22 308-388 
Pelvis bicristal*...... BC 2878 1.33 185 .04 6.44 .33 254-330 
the Chest transverse...... z 267.6 12 17.4 84 652 .32 227-318 
atic ee AP 222.2 1.61 204 14 9.20 .51 184-263 
on Head circumference** H 536.6 1.28 185 90 3.45 .17 492-626 
per eee L 181.66 .50 7.3 35 402 .20 167-212 
breadth ....... B 143.5 44 64 31 4.47 .22 131-173 
ted ee OH 114.3 46 66 32 58 #2 98-132 
Minimum frontal.... MF 100.1 38 age 6 Oa CD QO-114 
Bigonial diam........ BG 08.35 .38 5.5 . a ae 85-114 
Face height.......... MN 113.4 MA 704 3% Gat 3 904-127 
breadth........ BZ 128.2 32 46 23 3.62 .18 118-140 
: Upper face height... PN a a a” a) ca 56-80 
will Nose height.......... NH 51.57 .20 4.24 .21 821 .40 30-66 
its, breadth ........ NB 32.82 .15 216 .10 658 .32 26-38 
nd- Index 
of Stature-span ........ Sp/S IO1.17 .22 3.16 .15 3.12 .I5 Q1.2-114 
Relative sitting ht.... Si/S 53.61 .o2 1.34 65 2.50 .12 49.9-56.3 
Rel. shoulder brd..... BA/S 22.44 .07 08 05 4.38 .21 20.6-26.6 
Shoulder-hip* ....... BC/BA 82.12 .39 5.0 28 6.07 .34 70.4-03.6 
of TRMMMEE on cccccccce AP/T 83.39 .53 678 .34 813 .45 67.7-078 
GE Ae ivcwsve ds B/L 79.02 .23 3.32 .16 4.19 .20 71.1-86.4 
r), Length-height ....... OH/L 63.0 24 3.54 .17 5.62 .27 53.8-70.3 
nal Breadth-height ...... OH/B 790.64 .30 438 .21 5.49 .27 68.3-91.0 
ial Fronto-parietal ...... MF/B 60.55 .23 3.36 .16 483 .24 61.3-76.1 
a Fronto-gonial ....... BG/MF 08.84 .44 6.35 .31 6.43 31 85-120 
Cephalo-facial ....... BZ/B 80.57. .22 3.18 .15 3.54. .17 80.3-06.9 
Zygo-frontal ........ MF/BZ 7781 .22 3.26 .16 4.18 .20 66.7-83.1 
ree Zygo-gonial ......... BG/BZ 76.53 .27 388 .19 5.07 .25 67.0-86.1 
res Total facial ......... MN/BZ 88.62 .38 5.54 .27 625 .30 73.4-102.5 
Upper facial......... PN/BZ §2.91 .26 3.72 .18 7.04 .34 43.7-63.9 
ter WUT. cckucseten cakes NB/NH 62.77 -.43 6.30 .31 10.0 .48 46.7-80.0 
wo 








*For pelvis bicristal and the shoulder-hip index, N = 76. For chest depth 
and the thoracic index, N = 73. 

** Hair did not interfere with the taking of head circumference, inasmuch as 
the Morons’ hair was almost universally straight, fine, and close-cropped. 
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Table 4 summarizes those differences which are significant between 
Morons and all control groups. (The number of control series varies 
somewhat from one trait to another.) The differences are grouped 
in approximate order of increasing magnitude of CR: i.e., the Moron 
minimum frontal is just significantly smaller than the normal, the head 
height markedly so; the fronto-gonial index is just significantly larger, 


the upper facial index markedly so. 


TABLE 4 


Morons vs. normal series—significant differences of means, arranged 
in order of increasing magnitude of CR 





MORONS SMALLER 


NO DIFFERENCE 


MORONS LARGER 





Minimum frontal 

Weight 

Bizygomatic 

Head length 

Head circumference 

Head breadth 

Head breadth-height index 
Span 

Head length-height index 
Stature 


Biacromial diameter 
Chest breadth 

Total face height 
Bigonial diameter 
Nose breadth 
Relative sitting height 
Cephalic index 
Zygo-frontal index 


Fronto-gonial index 
Zygo-gonial index 
Cephalo-facial index 
Stature-span index 
Nose height 
Fronto-parietal index 
Chest depth 

Upper face height 
Thoracic index 
Upper facial index 





Relative shoulder breadth 
Sitting height 
Head height 





Discussion. It will be observed that virtually all the long measure- 
ments of the body are significantly smaller in the Morons—biacromial 
diameter and chest depth are the exceptions. The general size reduction 
is noted by all previous investigators; also cf. Hooton (14). 

Among the characters showing no difference, the evidence on relative 
sitting height is equivocal. Flory (15) also found no difference, but 
Doll (16) and Davenport and Martin (17) report that defectives have 
lower relative sitting heights than is normal. Flory’s series and 
procedure are more comparable to those of the present study. All 
previous evidence agrees that cephalic index is quite independent of 
intelligence. 
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The last traits in both “Smaller” and “Larger” columns, showing 
the greatest differences, warrant further discussion. Flory found that 
though chest depth in mental defectives (all grades and types, undiffer- 
entiated racially) is smaller than that in private-school boys (socially 
and racially selected), idiots, otherwise the worst developed physically 
of all aments, have deeper chests than morons. The present Moron 
superiority to the normal in both chest depth and thoracic index confirms 
Weisman’s (18) assertion of the association between the low, phylo- 
genetically advanced index and intelligence. However, he also notes 
the negative correlation of the index with social status, which factor 
may thus account for part of the observed difference. In any case, 
the notorious uncertainty of the measurement, especially in women, 
should induce caution in interpretation. 

Social status probably influences head height as well; Gray and 
Ayres (19) found extremely high heads in upper-class Old American 
children. The present technique (q. v. supra) would tend, if anything, 
to raise the Moron mean! 

The Moron upper face height and its index differ unexpectedly in 
both direction and magnitude from the normal. This anomalous position 
indicates the desirability of multiplying the characters studied rather 
than concentrating on a few gross measurements, since the Moron and 
normal series differ not at all in total face height and but little in total 
facial index. To determine whether mental status is actually involved, 
and not merely inbreeding or a fortuitous combination of control groups 
(though both factors do contribute), comparisons were made between 
Moron and C of P Irish, both chosen in exactly the same way as the 
Old Americans. The two Irish series are even more comparable (except, 
of course, in intelligence) than are the Old American Morons and C 
of P. Both Irish groups are native-born of foreign parentage. The 
C of P are 10 years older than the Morons, which if anything would 
increase their dimension and index. 

In upper face height, OA Morons are larger than the C of P by 
4.52 mm., with CR 11.8; Irish Morons are larger than C of P by 1.69 
mm., with CR 2. 

In upper facial index, OA Morons are larger by 7.47 mm., with 
CR 24; Irish Morons are larger by 6.64 mm., with CR 10.5. 

Though the Irish series are too small to be conclusive, the trend is 
in the same direction and suggests that mental status is chiefly respon- 
sible for the observed differences. 
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Anthroposcopy. The following 25 morphological traits, of 77 
observed, differ as between the Morons and normal series. The C of P 
series is the sole control group for most of these, inasmuch as Hrdlitka 
includes only a few and Carter none at all. Those differences only are 
noted which persist after all possible allowance has been made for vary- 
ing standards; nevertheless, the personal equation is so great that the 


TABLE 5 


Upper face height and index—morons vs. normal, OA and Irish 





N MEAN P.E. S.D. Ps. ry. P.E. RANGE 





Upper face height 


OA Morons 07 67.92 .32 4.63 .22 6.81 33 56-80 
C of P 183 63.40 21 4.32 15 6.81 .24 52-72 

Irish Morons 21 66.05 79 5.38 56 8.14 85 54-72 
C of P 72 64.36 34 4.25 .26 6.61 .37 55-77 

Upper facial index 

OA Morons uP §2.91 .26 3.72 18 7.04 34 43.7-63.9 
C of P * 45-44 17 3.40 12 7.47 .26 37-56 

Irish Morons a 51.76 58 3.94 .4I 7.60 79 43-7-57-4 
C ot P = 45.12 .26 3.33 .19 7.38 42 37.5-56.0 





same confidence cannot be placed in the morphological as in the metrical 
data. In Table 6 “Less” and “Greater” refer of course to percentages 
falling in the indicated categories, and not to the expression of a trait 
in individuals. Traits marked with an asterisk (*) show especially great 
differences. 

Discussion. These differences are not exhaustive. Others were 
found (e.g., more vascularity, less head hair, greater eye obliquity, 
smaller opening height of eye, greater teeth loss) which may well be 
significant but which cannot be positively so stated, due to inconclusive 
evidence. 

Gross “stigmata of degeneration” occur only rarely in the Morons. 
Mild forms of asymmetry are very common. Cranial and facial asym- 
metries are noted in Table 6. The disturbance of the usual associations 
between nostril thickness and laterality of axes, and between upper and 
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lower membranous lip thickness may be further instances. So are the 
high frequency of deviated septa and the cases in which left and right 
tragia give markedly different head height readings. 

Variability. Table 7 shows differences of Moron from normal 
coefficients of variation. Reading down and from left to right, the 
traits are listed in order of increasing Moron variability (on basis of 


TABLE 6 


Morons vs. normal series—Morphological observations 





MORONS LESS 


MORONS GREATER 





Grayness of hair 

Eyebrow thickness 

Eyebrow concurrency 

Forehead height 

Nostril thickness 

Thickness of membranous lower lip, 


Paleness of skin 
Left-handedness 
Fineness of hair 
Median eye-folds 
Forehead slope 
Laterality of nostril axes 





Thickness of integumental lips 
Thickness of membranous upper lip 
Lip eversion 

Lip seam 

Midfacial prognathism 
Alveolar prognathism 

Overbite 

Size of ear lobe* 

Cranial asymmetry 

Facial asymmetry 

Linear body build 


when different from upper 
Chin prominence* 
Temporal fullness 





* Difference especially marked. 


CR’s) as compared with normal C. V.’s. Those traits are classed “not 
significant” whose coefficients differ from all the normal series which 
include the trait, but with CR’s between 1 and 2.9. The direction of 
difference is unmistakable; the amount, small. As in Table 4, “signifi- 
cant” differences are those with CR 3.or higher between the Morons 
and all control groups for a given trait. 








Morons vs. nermal series—V ariability 
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TABLE 7 


Arranged in order of increasing magnitude of CR 





MORONS SMALLER 


NO DIFFERENCE 


MORONS GREATER 





Biacromial 

Chest breadth 

Weight 

Relative sitting 
height 

Chest depth 

Relative shoulder 
breadth 

Nose breadth 


Minimum frontal 


> 


signi- 
ficant 


not 
L signifi- 
cant 





Thoracic index 
Upper face height 
Upper facial index 
Sitting height 
Stature 
Bizygomatic 
Cephalo-facial 
index 


Span 

Cephalic index 

Nasal index 

Head breadth- 
height index 

Fronto-parietal 
index 

Zygo-frontal index 

Zygo-gonial index | 

Total facial index ) 

Bigonial 

Nose height 

Total face height 

Fronto-gonial index 

Stature-span index 

Head breadth 

Head length-height 
index 

Head height 


signifi- 
> 
cant 





Head length ] 





Conclusions from Table 7: 


(1) Four of the seven characters under “No Difference” are never- 
theless more variable than one or more of the control groups. 
in addition, a great preponderance of traits in the “Greater” column, the 


With, 


Morons are clearly more variable than the normal series. This is partly 
because they are drawn largely from different inbred rural communities, 
each with a distinct local physique, a fact which is important also in 


interpreting certain differences in means. 


However, this factor cannot 


account for most of the increased Moron variability, a condition which 
has been noted in virtually all studies of aments. Cf. Doll (20), Flory 


(21), Rosenbluth (22), Szondi (23), and Tirapegui (24). 
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(2) Indices participate more in the increased Moron variability than 
do absolute measurements, though indices are scattered evenly through- 
out an arrangement of Moron C. V~’s in order of magnitude. 

(3) Head dimensions participate more in the same phenomenon 
than does any other main cluster of traits, though head dimensions are 
rather low in variability within the Moron series itself. 


SUMMARY 


Metric constants are presented for 97 adult female hereditary 
morons, of Old American descent, in State institutions in Mass., Conn., 
R. I. and New York. Comparisons are made with four normal series, 
of similar age, sex and race, three published and one unpublished. 
Significant differences are found as follows: 


1. The morons are smaller in most of the measurements of the 
body, especially the long ones. Chest depth and upper face height, 
two exceptions, are discussed more fully; the latter, with additional 
Irish subjects introduced. 

2. Morphologically, “stigmata of degeneration” are found, but not 
in the grosser forms: low, sloping forehead, strong prognathism, reced- 
ing chin, narrow temporals, marked asymmetry. Interestingly enough, 
the ear is not greatly affected, only the lobe size differing from the 
normal. Lips are thick; hair development is weak; linear body build 
predominates greatly over the iateral. 

3. Morons are more variable than normal groups, especially in 
indices and head dimensions. 

These three sets of results accord with the trend of evidence in the 
literature and are especially valuable in implementing statistically what 
have too often been unstandardized treatments of heterogeneous series. 
“The rationale for the associations shown between body and mind cannot 
unfortunately be proven at present. Nevertheless, the measurements 
as condensed and tabulated are worth putting on record, and also offer 
some aid in differential diagnosis” (Gray (25)). If sufficient detailed 
studies are made of normal and abnormal groups of different sex, age, 
race, social status, and type of defect, the true associations between 
physique and intellect will be discernible, and the problem of causation 
can then be attacked. 
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ANATOMIC LAG IN HEAD AND BODY 
DIMENSIONS’ 


BY WILSON D. WALLIS 








— 


University of Minnesota 


== N previous articles the writer has pointed out that when two 
= dimensions of the body are positively correlated it is usually 
found that they do not increase at the same rate but at a 
——j differential rate, that is to say, one lags upon the other. This 
phenomenon we have designated anatomic lag.2 The manner of deter- 
mining the character and the amount of lag has been dictated by the 
character of the available data. When paired dimensions are given we 
have correlated them, computed the relative regressions, that is, 
Try (ox/oy) and fey (oy/ox) and the ratio (X 100) of these relative 
regressions. If the two dimensions increase at the same rate, the ratio 
will be 100. When one dimension can not be compared directly with 
another, but an index is available, of which that dimension is a com- 
ponent, we have correlated the dimension with the index. The computed 
correlation coefficients and regressions indicate the character of the lag, 
but not the ratio of the lags. When each of two paired dimensions is 
expressed as a fraction of the same dimension, for example, arm 
length/stature and leg length/stature, the correlations and regressions 
express the character of the lag, but not the ratio. When indices are 
correlated, or a dimension and an index, the regressions are in terms of 
sigmas. When dimensions are correlated, the regressions are in terms 
of coefficients of variation. A positive correlation of x with +x/y 


* Assistance in the preparation of these materials was furnished by the personnel 
of Works Progress Administration Official Project No. 665-71-3-60, at the 
University of Minnesota. 

*See Wilson D. Wallis, Anatomic Lag, HumMAN Brotocy, 6: 524-542, 1934, and 
Child Development, 9:87-121, 1938. 
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indicates lag of y on x; a negative correlation indicates acceleration of 
y on x; conversely, a positive correlation of + with y/x indicates acceler- 
ation of y on +, and a negative correlation indicates lag of yon +. When 
dimensions are positively correlated the degree of lag is inversely related 
to the magnitude of the regression; when they are negatively correlated, 
the degree of lag is in direct proportion to the magnitude of the regres- 
sion ; and the ratios are interpreted accordingly. 

When means of groups are paired, nasal height is negatively corre- 
lated with basi-bregmatic height, and the lag is much greater in the 
former than in the latter. Cranial breadth lags less on cranial height 
and cranial horizontal circumference than do the latter two on cranial 
breadth. Face breadth lags less on mandible width than conversely, 
in means of groups, and less on orbital breadth than conversely. The 
lags of head breadth and head length on one another are indicated by 
the positive correlations of head breadth with cephalic index, and the 
negative correlations of head length with that index. In means of 
Indian tribes, menton-nasion diameter lags more on nose length than 
the latter on the former. 

Means of ethnic groups, when correlated, do not always show the 
same type of differential in lags of paired dimensions which characterize 
a series of individuals, though in most instances they do so, for example, 
in negative correlation of nose height with nose index. 

Body dimensions show lags comparable with those that characterize 
dimenions of head or skull. Nasal breadth and nasal length lag less on 
span, than span on either of them. Lag of cephalic breadth on stature 
is greater than lag of stature on cephalic breadth. For means of groups, 
there is often a negative correlation of these two dimensions. In means 
of Swedes, stature and face breadth are negatively correlated, and face 
breadth lags more on stature than stature on face breadth. 

In four series stature lags on head circumference less than the con- 
verse, and in two series it shows greater lag. In 24 series stature shows 
less lag on head length than the converse, and in I1 series it shows 
greater lag on head length than conversely. Stature lags more on 
humerus length than humerus length on stature, and in two of four 
series humerus length is accelerated on stature. In most series, stature 
lags more on sitting height and on span than conversely. 
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ON THE INTERDEPENDENCE OF THE LENGTH 
OF LIFE OF HUSBAND AND WIFE 


BY ANTONIO CIOCCO* 


INTRODUCTION 


==) HE existence of some association between the duration of 

life of husband and wife was apparently first pointed out 

by Pearson and associates ({[Anon.] 1903) almost 40 years 

ago. Since that pioneer investigation others have examined 

the question following the same analytical technique. The results of 
all these studies are summarized in Table 1. 


TABLE 1 


Correlation between age of death of husband and wife as reported 
by several authors 





CORRELATION 
AUTHORS COEFFICIENT — fr 





Pearson, et al. Yorkshire (tombstones) .2200 + .0244 
Oxfordshire (tombstones) .2500 + .o211 
London (tombstones) .4204 + .0176 
Soc. of Friends (genealogies) -1999 + .0212 


035 
-033 


Pearl and Pearl Long. Ser. F X M* (genealogies).... 
Long. Ser. FF X FM (genealogies) 
Long. Ser. MF X MM (genealogies) 
F.H.R. Ser. F X M (genealogies) .... 
F.H.R. Ser. FF X FM (genealogies) 
F.H.R. Ser. MF X MM (genealogies) 


Ciocco Wash. Co. death certificates 


HHH iH 


it 





*F = father, M = mother, FF = father’s father, etc. 


*From the Division of Public Health Methods, National Institute of Health, 
U.S. Public Health Service. This is the seventh of a series of papers entitled: 
Studies on the Biological Factors in Public Health. 
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From Table 1 it is seen that a substantial correlation coefficient was 
found in the case of the London tombstone series of Pearson et al,, 
the parents of the F.H.R. series of Pearl and Pearl (1934), and the 
Washington County mortality data examined by Ciocco (1940). Low 
positive, but significant with respect to the probable error, appear the 
coefficients for the Oxfordshire and Yorkshire tombstone data, and the 
records of the Society of Friends of Pearson’s study, and for the 
paternal grandparents of Pearl and Pearl’s Long. series. Correlation 
coefficients of zero order result for the parents, and the maternal grand- 
parents of Pearl and Pearl’s Long. series, and for the maternal and 
paternal grandparents of the F.H.R. series. So it appears that the 
association is not revealed by all the samples. Furthermore, the high 
value for the London tombstone series being so out of line with the 
values for their remaining samples led Pearson and his associates to 
discount it. They believed it to be spurious since in urban areas the 
probability that both the husband and wife will be buried in the same 
cemetery may depend upon the interval between the death of the spouses. 
In the investigation cited, one of the collaborators, F. E. Lutz, attempted 
to arrive at a measure of the correlation expected in a random assort- 
ment of dead men and women. Therefore, he ordered the tombstone 
records in a series, and formed couples by taking with the record of each 
man that of the wife of a man ten places removed in the series from 
the first. The resulting correlation coefficient was found equal to .0086 
+ .0228, that is practically zero. Thus these investigators were satisfied 
to have demonstrated that the duration of life of husband and wife was 
not independent and following additional analysis, which will be dis- 
cussed later, concluded that the association is a consequence of homo- 
gamic mating. On the other hand, Pearl and Pearl, in view of the 
range exhibited by the coefficients they obtained, did not seem convinced 
that any association is present or, at least, that assortative mating 
relative to length of life was demonstrated by their material. These 
authors, in addition, pointed out that by calculating the product-moment 
correlation between the age of death of the paternal grandfather and of 
the maternal grandmother, and between the age of death of the maternal 
grandfather and of the paternal grandmother in the two series they 
examined, the coefficients ranged from .039 + .056 to .127 + .035. 
So it would seem that the presumption of the existence of an association 
between the duration of life of spouses cannot be considered definitely 
established. However, it is indirectly strengthened by the observations 
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of Lotka (1931) on the frequency of “absolute” orphans, that is of 
orphans who have lost both of their parents. Lotka found that the 
chances of becoming an absolute orphan at a given age was greater than 
the product of the chances of losing one or the other parent at that 
age. From this finding it could be inferred, as Lotka himself noted, 
that the death of husband and wife are not independent events. The 
presumption being so advanced, it seems pertinent because of the broad 
general public health significance of the phenomenon to investigate 
it further and with a different analytical technique. This paper reports 
on such an investigation which has had for its purpose to determine 
specifically whether the differences between the age of death of husband 
and wife as observed in this sample still persist when the age of marriage, 
the differences between age of marriage, and age at time of becoming 
widowed, are taken into account in relation to the life expectancy of 
the men and women of this group. Furthermore, the differences 
between the age of death of husband and wife will be examined with 
reference to duration of marriage and by this means it is hoped to 
elucidate somewhat the significance of the phenomenon. 


MATERIAL 


The material for this study derives from the records on the mortality 
of husbands and wives already discussed in earlier papers (Ciocco, 1940- 
1941a). Of the 2571 married couples for whom death certificates have 
been located in the files of the Washington County Health Department, 
the age and date of marriage was definitely known, also from official 
sources in the case of 1222 couples married only once, and the data on 
these couples constitute the basis for the analysis discussed in the 
present paper. 

The latter died between 1898 and 1938 and the mean age of 
death of the husbands is 69.3 + .33 years, that of the wives is 69.0 + 
41. In the case of the 2571 couples, the sample from which this is 
drawn, the mean age of death of the males is 68.8 + .26 and for the 
females it is 68.1 + .29. Relative to age the subsample of 1222 couples, 
therefore, agrees well with the parental population from which it 
originates. 

In both instances one finds that the males lived slightly longer than 
the females. This finding which may at first seem contrary to expec- 
tations has been observed for other samples of husbands and wives. 
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For example, it appears in the four groups studied by Pearson and 
associates, in the maternal grandparents and in the parents of the F.H.R. 
series of Pearl and Pearl, and was observed in another sample of spouses 
studied by Ciocco (1941b). According to Pearson, et al., the reason 
for this discrepancy from the general fact that at practically all ages the 
mortality rate of the male is higher than that of the female is that the 
sex differential mortality is primarily a consequence of the high mortal- 
ity of single men. The official statistics for those countries that publish 
mortality data according to marital status demonstrate, in fact, that 
the mortality of married men is practically the same as that of married 
women, in some cases slightly higher, in some cases slightly lower; but 
there is always a distinctly higher mortality of single men when com- 
pared to single women. There is also another aspect of the question 
to consider if an explanation is desired as to why in samples of husbands 
and wives such as the one under discussion the males exhibit an equal 
or maybe slightly longer duration of life when compared to the females. 
Although there is a high correlation between the age of marriage of 
husband and wife, on the average the men are older than their wives by 
amounts which vary from 3 to 5 years as the data on this community have 
shown. This means that husbands and wives in reality belong to differeré 
generations and, except under stationary conditions at the same chrono- 
logical age, will be subject to different chances of death in additioa to 
whatever sex differential relative to mortality there may exist 

The duration of the marriage, i.e., the interval between the day of 
marriage and the death of the first spouse to succumb varies in the 
1222 couples from less than I year to 66 years. The mean duration 
of marriage equals 37.26 + .39 years. There are no official statistics 
with which to compare this average but it is of interest to point out 
that Lotka’s estimates of the probability of becoming an orphan at a 
given age reveal a parallelism to the above figure which while not 
entirely unexpected is noteworthy. Lotka calculated on the basis of the 
1920 white population of this country that 50 percent of persons are 
orphaned of the father by the time they reach approximately 37 years 
of age, and of the mother at about 42 years. The agreement which may 
be inferred to exist between Lotka’s results and the observations on the 
group studied here is probably the consequence of the relationship be- 
tween duration of marriage and age of offspring, a relationship which 
could probably be determined with some precision if more information 
were available relative to duration of marriage. 
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The other characteristics of the sample of 1222 couples that con- 
stitute the material for this investigation are those already described in 
the reports cited and the reader can refer to them. The question of a 
possible statistical artefact due to the procedure used in collecting the 
material will also be discussed in a subsequent section. It may be 
pointed out here that the only criterion employed in selecting the 1222 
couples from the total group of 2571 was the existence of an official 
record in Washington County on the date and age of marriage. It 
must be assumed then that all these persons lived the greater part of 
their lives in this county. 


OBSERVED AND THEORETICAL DIFFERENCES BETWEEN THE AGE OF 
DEATH OF HUSBAND AND WIFE 


The first step in the present analysis is to determine whether the 
observed differences between the length of life of husband and wife is 
equal to or less than those expected if the conjugal partners from the 
time of their marriage experienced the same risk of mortality as the 
men and women of the group or general population. The calculation of 
the theoretical differences for the comparison involves therefore (a) age 
at marriage, or beginning of the risk of mortality, and (b) the age 
and sex characteristics of mortality after that age. The age of marriage 
of the couples of this sample is known, as has been said. The age and 
sex characteristics of mortality after marriage may be obtained by con- 
structing in the usual manner life tables for the cohorts of men and 
women, respectively. The starting point for the life table is the lowest 
marriage age of each cohort. With these data at hand, the determination 
of the expected differences follows the elementary probability theorem 
on the concurrence of two independent events. 

Let +i\%e = a be the probability that a man married at age r 
will die at age *. 


s=e 
So, y Ge = 3. 


Similarly, let us call , \9'2 the probability that a woman married at age s 
will die at age x. 
Then -)Ge X «|q'e Will be the probability that both the man and woman 
will die at age x. 
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It follows, that for couples for whom the age at marriage of the man 
was r and that of the wife was s, the summation: 

rlJe a\Fe2 + rife+s olVati + + #1Fu 2114 = 22\Qo 
measures the probability that the husbands and wives will die at the same 
age. 
Similarly, 

ride e|Va+1 + rie e|Fo—1 + + 1%, —1 #Q = r4|Q, 

measures the probability that husbands and wives will die one year apart 
in age. 
Therefore, from 


k—n k=n 
B re|Qk and k? re| Qk 


the mean and standard deviations of the distribution of the probable 
differences between the age of death of husbands and wives who married 
at age r and s, respectively, will be obtained. Combining the summations 
for all the marriage age pairings present in this sample one arrives at 
the theoretical differences for the whole group. 

The mean theoretical difference thus determined, according to the 
postulates which will be termed hypothesis I, is compared in Table 2 
with the average of differences between the age of death of husband 
and wife as observed in the sample. It will be noted that the theoretical 
differences have also been calculated on the basis of the Life Tables 
for the white population of Continental United States, 1929-1931, and 
of the Original Registration States, 1900-1902. It has appeared worth- 
while to include the computations based on the last two mentioned Life 
Tables for two reasons. The first is that it will be possible to com- 
prehend more clearly what effects, if any, result from the peculiarities 
of mortality data based on married and widowed persons alone. The 
second and most important is that the opportunity is thus offered to 
verify the direction of the changes relative to the theoretical differences 
between the length of life of husband and wife when the mortality 
characteristics are altered as they have been from 1900-1902 to 1929- 
1931. 

The data of Table 2 indicate: 


1. The observed mean of the differences between the age of death 
of husband and wife is 9.93 years and is almost 4 years less than the 
calculated according to the mortality characteristics of this sample 
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TABLE 2 


Observed and theoretical (hypothesis I) differences between the age 
of death of husband and wife. 1222 white couples both of 
whom died between 1898 and 1938 in Washington 
County (Maryland) 





YEARS DIFFERENCE IN AGE OF DEATH 





Sum cof sum Mean ¢ of mean 





Observed 204.4 9.93 + .24 8.42 + .17 
Theoretical according to mortality of : 
1. This sample 16949 385.7 13.87 + .35 12.16 + .25 
2. U.S. Life Tables, 1929-31 20395 458.4 16.69 + .49 17.19 + .35 
3. U.S. Life Tables, 1900-02 22847 495.8 18.90 + .58 20.11 + .42 





(assuming that the deaths of husbands and wives are independent 
events) ; and over 6 years and 9g years less, respectively, than that cal- 
culated according to the U. S. Life Tables of 1929-1931 and of 1900-1902. 


2. The observed difference between the age of death of husband 
and wife is significantly less than that calculated according to any of 
the Life Tables employed. The deviation between the observed mean 
and the theoretical mean is over 10 times its standard error in all instances. 
In the case of the observed series the standard deviation has been com- 
puted in the usual manner from the distribution of the differences, but 
for the theoretical series, as the formula indicates, the standard deviation 
is calculated from the sum of the variances about the theoretical dif- 
ference probable for each husband-wife marriage age combination. 
Thus, it is more appropriate to evaluate the divergence between observed 
and theoretical differences in terms of the sigma of the latter. It is 
found that the observed mean of differences deviates 11 to 15 standard 
errors removed from the theoretical means. 

It is of interest to point out that the dispersion of the distribution 
of calculated differences is least for the theoretical series based on 
the mortality of the present sample. This is to be expected since the 
Life Table data for the population of the United States cannot, of 
course, express exactly the mortality of the county and of the sample 
with which we are concerned. The group examined in this paper does 
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not include the deaths of single persons, and has achieved a more 
advanced age than that of the Life Table populations employed. The 
age differential has as a consequence the reduction of the dispersion of 
the distribution of differences. The comparison of the calculated series 
based on the 1900-1902 Life Table with that based on the 1929-1931 
Life Table illustrates the effects of a decrease in the probability of 
death in the younger ages and a corresponding increase in the older 
ages. Thus, the standard deviation of the mean of the differences equals 
20.11 years when the 1900-1902 Life Table is employed and falls to 
17.19 years when the 1929-1931 Life Table is used. In view of these 
considerations and findings it seems permissible to infer that for pur- 
poses of devising theoretical series of differences with which to compare 
the observed, it is sufficient to rely on the mortality characteristics of the 
sample being investigated. 

The main point of the comparison between the observed differences 
and the theoretical calculated according to hypothesis I is that it is 
rather strikingly revealed that with reference to length of life husbands 
and wives differ from each other less than do the men and women 
paired at random, but who started life together at the same age as did 
the conjugal partners and were subject to the same mortality experience 
thereafter. It could therefore be concluded, as others have, that there 
exists association between husbands and wives relative to duration of 
life. 

To test further the validity of this conclusion and also to clarify 
the modalities of the apparent association another set of conditions 
which will constitute hypothesis II can be postulated for the calculation 
of a series of theoretical differences between the age of death of husband 
and wife. This hypothesis will seek to evaluate the difference expected 
between the age of death of husband and wife on the basis of the mortality 
characteristics of a group of persons who survive their spouses at a 
given age. While hypothesis I assumes that the deaths of spouses sub- 
sequent to marriage are independent events, hypothesis II assumes that 
only the mortality of the surviving spouse is independent. It is obvious 
that one of the factors which plays an important role in determin- 
ing the difference between the duration of life of husband and wife is 
the achieved age at the death of the spouse who succumbs first. If this 
spouse dies at an advanced age—recalling the high correlation between 
the marriage age of spouses—the biological limitation imposed upon the 
longevity of man will by itself reduce the probability of large differences 
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between the age of death of the marital partners. Since the present 
sample of men and women is characterized by a high average duration 
of life it is pertinent to evaluate how much the apparent association 
between spouses could not be the result of the mentioned conditions, 
and therefore a theoretical series of differences has been calculated 
according to the following scheme. 


Let x be the age of death of the spouse who succumbed first and y 


the age of the survivor at that time. Then gq, = ,v> y, will 


dv 
ly 
be the probability of death at age v of the survivor aged y. So, 


k=y 
If ay = x — y and a, = * — v then the summation 
k=w 


|x| 9x 


k=y 
will give the probable number of years that will separate the age of 
death of one spouse from that of the other. 
By this procedure, the age of death of one partner being fixed, one 
arrives at a measure of the difference between the age of death of 
spouses (whose marriage age diverged by a stated number of years) 


assuming that the mortality of the surviving spouse subsequently follows 
the age and sex characteristics of the group to which he or she belongs. 
In the calculation of the theoretical series according to hypothesis II 
only the mortality data based on the present sample have been employed 
since the preceding comparison of the results obtained from using the 
data of the 1900-1902 and 1929-1931 U. S. Life Tables show that the 
picture of the deviation of observed from theoretical is the same. The 
distribution of the theoretical differences according to hypothesis II 
and the devation of the observed differences from the theoretical are 
summarized in Table 3. 

From Table 3 the first point to note is that the mean of the 
theoretical differences calculated according to hypothesis II is practically 
identical to that calculated on the basis of hypothesis I and both are 
significantly larger by about 4 years? than the mean of the observed 


* Due to the skewness (vide infra) of the two distributions compared the mean 
deviation between theoretical and observed differences is determined from the 
calculation of the deviation present for each of the 1222 couples. 
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TABLE 3 


Observed and theoretical (hypothesis II) differences between the age 
of death of husband and wife 





MEAN DIFFERENCES 


CLASS OF 
(in years) 


THEORETICAL 
DIFFERENCES Theoretical Observed Theoretical — 
(in years) Observed 








Less than 5 3-53 42 
5-9 6.04 1.33 
10-14 10.16 2.23 
15-19 12.87 4.41 
20-24 : 14.73 7.60 
25-29 d 17.87 9.73 
30-34 16.67 15.52 
35-39 20.96 16.53 
40-44 27.18 16.15 
45 and over 48.20 24.30 23.90 
All couples 13.80 9.93 3.87 + .22 





differences between the age of death of husband and wife. Therefore, 
it seems justifiable to conclude that there exists interdependence between 
spouses relative to duration of life since a difference between the age of 
death of spouses as low as that observed here could not be obtained from 
the random coupling of men and women when these random couples 
have in common with the spouses the following attributes: (1) age of 
marriage, (2) age difference at marriage, (3) life expectancy after 
marriage, (4) age at beginning of widowhood, (5) life expectancy 
after widowhood. 

Summing up, the analysis so far performed may also be regarded as 
an attempt to arrive at a formulation of conditions from which a distri- 
bution of differences identical with the observed will be obtained. It 
is in essence a problem of rational curve-fitting. The data of Tables 
2 and 3 indicate that the two series of conditions postulated are inade- 
quate to describe the phenomenon observed and the graphic representa- 
tions of the observed and theoretical distributions illustrate the point 


clearly. 





MARITAL LONGEVITY 





28072 “380 
~ FREQUENCY CURVES OF DIFFERENCES 
BETWEEN DURATION OF LIFE 
OF HUSBAND AND WIFE 


OSSERVED 


* 

o 

. 
. 
+ 
- 
. 
+ 
7 
o 
o 
. 
io 
o 
. 
. 
o 
. 
. 
- 
. 
. 
. 
. 


\ 


S 


MUMBER OF COUPLES 


( mveotnesis 11 ) 











40 45 $0 $5 





r is 25 30 35 
YEARS DIFFERENCE IN AGE AT OEATH OF HUSBAND AND WIFE 
OBSERVED AND THEORETICAL FREQUENCY DISTRIBUTIONS OF THE 
DIFFERENCES BETWEEN THE AGE OF DEATH OF 
HUSBAND AND OF WIFE 
It is seen from Fig. 1 that the distribution of the differences resulting 
from hypothesis I (based on the mortality of this sample) is more 
or less symmetrical, is limited in range on both sides and hardly 
resembles the observed distribution. More than half of the couples 
are expected to exhibit differences in age of death of 13-14 years. This 
concentration of the cases in two classes reflects the narrow range of 


ages within which the majority of marriages takes place. 
The conditions which underlie hypothesis I are obviously not 
sufficient to reproduce the observed differences between the age of death 


of husband and wife. On the other hand, the frequency curve obtained 
according to hypothesis II has the general configuration of the observed. 
Both are markedly skew towards the large differences and the upper 
limit is identical in both. However, the curve of the theoretical dif- 
ferences is constricted at its lower end. Differences as small as those 
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actually noted cannot be achieved through the conditions of hypothesis 
II. Over 18 percent of the couples of this sample exhibited a difference 
of 2 years or less between the duration of life of husband and wife 
while the same difference on the basis of hypothesis II was calculated 
for only 1.3 percent of the couples. It seems then safe to infer that 
besides the conditions postulated above, other factors are responsible for 
the apparent associations between length of life of husband and wife. 
The data of Table 3 also throw light on the modalities by which 
the deviation of the observed from theoretical differences have come 
about. It is seen that for the couples for whom theoretical differences 
of less than 5 years were expected, the observed differences were lower 
than the theoretical by .4 of a year. With increase in the theoretical 
differences the deviation between observed and theoretical rises rapidly. 
Those couples for whom a theoretical difference of 45 years or more 
was expected exhibit actually a difference 24 years less than that of 
the theoretical. The significance of the trend in the deviation between 
theoretical and observed is readily understood, when attention is focussed 
on the ages of the persons that constitute the couples included in the 
several classes of theoretical differences. Those couples for whom the 
theoretical differences according to hypothesis II are calculated to be 
less than 5 years are obviously the spouses both of whom were at an 
advanced age when the first spouse died. On the other hand, among 
the couples for whom the age difference at death was expected to be 
45 years or over are included the spouses both of whom were young at 
the time of the death of the first of the spouses. In the process of 
estimating the life expectancy of the surviving spouse we have assumed 
that he or she was subject to the mortality characteristics of the group. 
When it is noted, however, that the deviation of the observed from the 
theoretical is very small for the couples both of whom have reached 
an advanced age at the death of one of the spouses, and, that the deviation 
increases markedly as one proceeds towards spouses both of whom were 
young at the time of death of the first spouse to succumb, it would seem 
that the assumption that the general mortality characteristics of the 
group holds for all the spouses is not wholly tenable. Apparently the 
life expectancy of the young widowed has been overestimated in these 
calculations. In order to have the theoretical series approximate more 
closely the observed it would seem necessary to modify accordingly the 
estimate of the survival of the young widowed of relatively short-lived 
persons. The need for such a correction must be taken as a manifesta- 
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tion of the association between spouses relative to longevity. That is 
to say, being married the couples of this sample segregate into men 
and women both of whom demonstrate to a similar degree divergence 
from the longevity of their respective sex. 

What brings about this segregation? Two main groups of factors 
or the combination of both are probably involved. The first is con- 
stituted by those elements that husbands and wives have in common 
and share throughout their conjugal life: hygiene, diet, and specific 
mode of living. The second group of factors includes the elements that 
enter into marital selection : race, constitution, social and economic status. 
From the data at hand it is not possible to distinguish precisely between 
the two groups of factors or the elements included in each group. How- 
ever, as will be done in the next section, an indirect measure may be 
obtained of the influence of the first group by examining the duration of 
marriage together with the differences between the age of death of hus- 
band and wife. 

Before proceeding to this stage of the analysis it is well to take 
advantage of the opportunity offered by the theoretical series of hypo- 
thesis II to consider more in detail the possibility that a statistical arte- 
fact connected with the sampling may bring about the above results. 
This possibility must always be kept in mind because by the process 
of collecting the material there have been excluded those spouses for 
whom there is a record that one died between 1898 and 1938 but no 
record is available regarding the survivor. Without an extensive survey 
not feasible at the moment it is not possible to estimate what proportion 
of these so-called survivors are dead and what proportion are actually 
still alive. If this proportion is high one could presume that if the 
present study had covered a 60 or 70 year span instead of 41 years as 
it does, the observed difference between the length of life of husband 
and wife would have been larger, and maybe the above noted deviation 
between theoretical and observed differences would have been rendered 
insignificant. However, preliminary analysis of the original 2571 
couples from which this sample is drawn indicated that the correlation 
coefficients of the age at death of the spouses calculated for subdivisions 
of the 41-year period studied were not essentially different one from 
the other. Nevertheless, in order to determine if the technique employed 
here leads to a corresponding result, the 1222 couples of the present 
sample will be arranged into two groups defined as follows: 
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A. Both spouses died between 1898 and 1918 inclusive; or one 
spouse died between 1898 and 1918 inclusive, and the other between 
1919 and 1938 inclusive. 


B. Both spouses died between 1919 and 1938 inclusive. 


Thus group A and group B, respectively, contains the data on spouses 
both of whom died within a span of 21 and 20 years; but in addition 
group A contains couples who would not have been selected if the 
collection of the material had not extended for 20 more years. If it is 
realized, as Spiegelman (1936) has shown, that in this country a woman 
aged 50 and 10 years younger than her husband will live an average of 
15 years after his death, provided she survives him, while a man also 
aged 50 and 5 years younger than his wife will live an average of 13 years, 
if he survives her, then it is clear that by extending the period of the 
investigation by 20 additional years a high proportion of the survivors 
will have been covered. There are 694 couples included in group A, 
and for them the observed difference between the age of death of the 
spouses is 3-35 + .33 years less than the theoretical calculated according 
to hypothesis II. Group B includes 528 couples and the observed 
difference is 4.45 + .28 years less than the mean of theoretical 
differences. In each case the deviation between observed and theoretical 
is statistically significant. Therefore, it appears that the addition of 


20 more years of observations has reduced by about one year the devia- 
tion between theoretical and observed, but the pattern of the phenom- 
enon, the association between husbands and wives relative to duration 
of life, is not substantially altered. In view of this finding and consider- 
ing that the whole sample studied involves 41 and not 21 years of obser- 
vation, the conclusion would seem warranted that the apparent interde- 
pendence between spouses with respect to age of death is real. 


DURATION OF MARRIAGE AND DIFFERENCES BETWEEN AGE OF DEATH 
OF HUSBAND AND WIVES 


If the resemblance between husbands and wives with reference to 
longevity is an outcome of the immediate environment particular to the 
conjugal pair it would seem a priori that the duration of the marital 
union (the time from marriage to the death of one of the spouses) 
would affect the difference in the ages of death of the pair. Specifically, 
under these conditions, the longer the duration of marriage the closer 
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would be the resemblance of the spouses relative to duration of life. 
The data on this relationship as observed in this sample are summarily 
described in Table 4. 

From Table 4 it will be first of all noted that with increase in the 
duration of marriage the differences between the age of death of hus- 
band and wife decreases. For marriages which lasted less than 20 
years, the mean of the differences between the ages of the spouses is 
16 years; the mean falls to 7 years for the couples who have been 
married 40 years or more. Before accepting the above results as indi- 
cative of the influence of the marital union on the resemblance between 
spouses relative to longevity let us consider those elements that can 
affect both of the variables under discussion. It is obvious that in order 
to achieve a long marriage both of the spouses must have married young 
and lived to an advanced age. A short marriage, on the other hand, 
may be the result of any of the following conditions: (a) both spouses 
married young and were short lived, (b) both spouses married at an 
advanced age, (c) both spouses were young at marriage and one was 
short-lived, (d) one of the spouses was already high in years at mar- 
riage. Therefore, the principal immediate elements that can influence 
both the duration of marriage as well as the difference in age of death 
are: (1) age of marriage, (2) difference between age of marriage of 
husbands and wives, (3) age of death of the spouses. 

Let us now examine the significance of these elements in terms of 
the problems here studied. First, it will be asked whether the relation 
between the duration of marriage and the differences between the age of 


TABLE 4 


Duration of marriage and observed and theoretical (hypothesis I, II) 
differences between age of death of husband and wife 





DIFFERENCES IN AGE OF DEATH 
DURATION OF NUMBER (in years) 
MARRIAGE OF 
(in years) COUPLES 





Theoretical 
Observed HypothesisI Hypothesis II 





Less than 20 15.86 13.11 27.32 
20-39 11.55 13.79 15.77 
40 and over 6.93 14.14 8.47 
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death of husband and wife could be expected on the basis of the age of 
marriage and subsequent mortality of random pairings of the men and 
women of this sample. In other words, the same question will be asked 
as in the previous section, and for each duration of marriage class the 
theoretical differences between the age of death of husband and wife 
will be calculated according to hypothesis I. 

It is apparent from Table 4 that the theoretical series calculated 
according to hypothesis I exhibits an almost uniform trend with increase 
in duration of marriage. The theoretical difference equals 13 years 
for the group whose marriage lasted less than 20 years and is 14 years 
for the couples who remained together for 40 years or more. The 
comparison of the observed differences with the theoretical calculated 
according to hypothesis I leads to two inferences. The first is that the 
marital partners who were destined to live a long married life revealed 
at the time of marriage almost the same life expectancy as did the 
couples whose marriage was interrupted early by the death of one of 
the spouses. The second is that the slight upward trend in the theo- 
retical difference between the age of the spouses as duration of marriage 
rises must be attributed to the fact that the couples whose marriage 
lasted a long time were on the average younger than the others at the 
time of marriage. In conclusion, it would seem that the observed dura- 
tion of marriage trend of the differences between the age of death of 
husband and wife could not be expected on the basis of random coupl- 
ings ef men and women who married at the same age and were subjected 
after marriage to the same mortality of the men and women of this 
sample. However, the assumptions which underlie hypothesis I do not 
involve the achieved age at the beginning of widowhood and subsequent 
survivorship and so, a theoretical series according to hypothesis II has 
been calculated. 

When the hypothesis II series is compared to the observed differ- 
ences the following points are worthy of note: 


1. The theoretical series of differences exhibits the same trends as 
the observed. From a mean of 27 years for the couples whose marriage 
lasted less than 20 years the difference falls to 8 years for the couples 
married for 40 or more years preceding the death of one of the spouses. 
It would thus seem that the observed decrease of the differences between 
the age of death of husband and wife in relation to increase in the 
duration of marriage could be explained simply as a consequence of 
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the age of the widowed and the chances of death associated with age 
from the beginning of widowhood. 

2. At all points this theoretical series reveals a greater difference 
than the observed. So, one sees again that the observed differences 
because of their relative smallness indicate that between husbands and 
wives there is resemblance with respect to duration of marriage. 

3. The divergence between theoretical and observed is greatest for 
those couples who have experienced the shortest marital union and least 
for the couples that have experienced the longest marital union. 

Consideration of the last finding together with that described under 
(1) raises a strong doubt as to the real significance of the trend of the 
observed differences according to duration of marriage. Recalling from 
the preceding section that the observed differences increase also with 
increase in the theoretical differences calculated according to hypothesis 
[I it becomes pertinent to examine more in detail the relationship 
between theoretical and observed differences with reference to duration 
of marriage. Table 5 summarizes the data regarding these variables 
and from it the first point to note is the distribution of the couples. The 


TABLE 5 


Observed differences between age of death of husband and wife in 
relation to duration of marriage and theoretical 
(hypothesis II) differences 





DURATION OF MARRIAGE 

(in years) 
CLASS OF 
THEORETICAL Less than 20 20-39 40 and over 


DIFFERENCES Number Observed Number Observed Number Observed 
(im years) of differences of differences of differences 
couples (imyears) couples (in years) couples (in years) 











Less than 5 9.00 4.00 116 3.31 
5-0 6.28 6.65 280 5.81 
10-14 15.36 9.82 144 9.99 
15-19 12.00 12.59 30 14.27 
20-24 11.58 14.78 5 21.40 
25 and over 18.78 20.23 ‘ ee 
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couples with long duration of marriage are concentrated in the classes 
of small theoretical differences while the couples for whom the theo- 
retical differences (because of the age of death of one spouse and of the 
age of the widowed at the time) are large are those whose marriage 
lasted a relatively short time. This finding, while not entirely unex- 
pected, reveals rather clearly that the bulk of the deviation between 
theoretical and observed is furnished by the couples who were married 
for a relatively short time. Furthermore, it becomes obvious, that the 
age achieved by the partners at the time of the death of the first spouse 
must be given due weight when the effects of duration of marriage on 
the differences between the length of life of spouses is studied, and one 
should examine the trend of the observed differences within groups that 
are relatively homogeneous with respect to the chances of achieving a 
stated difference. Therefore, if duration of marriage is a prime factor 
involved it should be expected that within each theoretical difference 
class the observed differences will decrease with lengthening of duration 
of marriage. 

Inspection of Table 5 brings out that no such trend is consistently 
present. The difference for the 40 and over group is less than that for 
the preceding group when the theoretical classes “less than 5 years” 
and “5-9 years” are considered but it is greater in the case of the “10-14 
years” and higher theoretical differences classes. Similarly, the observed 
differences in the 20-39 group are higher than those of the less than 20 
group in 4 out of 6 instances. 

As further support for the finding that within each theoretical differ- 
ence class the observed differences do not consistently decrease it may 
be noted that the concomitant increase of the theoretical and observed 
differences is practically identical for all three duration-of-marriage 
groups. This can be shown by substituting for the actual observed 
differences in each duration of marriage group the corresponding values 
of the observed differences for all three groups combined. As a result, 
it is found that the total calculated difference becomes 16.6 years for the 
less than 20 years duration-of-marriage group; 11.38 years for the 20- 
39 group; 7.00 years for the 40 and over group. As is seen these 
calculated averages are almost precisely the same as the actually observed 
averages (Table 4). It must be concluded then that the decline of 
the differences between the age of death of spouses relative to the 
lengthening of duration-of-marriage is probably spurious. If this con- 
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clusion is correct then it could be inferred that the immediate environ- 
ment particular to each couple is not a prime factor in the apparent 
interdependence of the length of life of husbands and wives. 


DISCUSSION 


The findings reported establish more firmly the presumption that a 
real association exists between husbands and wives with respect to 
length of life. When conditions such as marriage age, age difference 
at marriage, age of death of the first spouse to die, and age of survivor 
are rendered constant by the postulates introduced it is found that, 
according to the mortality characteristics of this sample or of a com- 
parable sample of the general population, the differences between age 
of death of husbands and wives are always larger than those actually 
observed. The picture which emerges from the present analysis is that 
marriage seems to segregate the spouses into pairs of men and women 
who deviate similarly in their longevity from their respective sex. The 
clear realization of the modalities by which the association comes about 
helps us to understand why the coefficient of correlation or any measure 
of the association may vary from population to population. The mani- 
festations of the association will be affected by the homogeneity or hetero- 
geneity of the population with respect to longevity. 

Among the factors that could be considered responsible for the 
interdependence noted one can only exclude with some assurance the 
action of the group of elements resulting from the conjugal life common 
and particular to the two spouses. Such an inference descends from 
the finding that duration of marriage apparently does not influence the 
association noted. Pearson and his associates also interpreted their 
findings to reach a similar conclusion. They assumed that the environ- 
mental effect peculiar to each conjugal pair is measured by its action 
on the correlation between the difference in age of death of spouses and 
the length of the wife’s (or husband’s) life. This correlation coefficient 
was found equal to r = —.6215 + .0139. Taking random pairs of men 
and women but with constant age difference at marriage the correlation 
between difference in age of death of spouses and length of life of one of 
the spouses became r = —.6576 + .0128. In view of the insignificant 
change in the values of r the investigators believed that the factors men- 
tioned had no bearing on the association between husbands and wives 
relative to length of life. They concluded that “the correlation actually 
observed between the length of life in two married persons is a measure 
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of a real tendency towards homogamy, comparable with other cases of 
assortative mating.” Since assortative mating is by the authors defined 
as the results of the attraction of certain classes of males for certain 
classes of females, and is distinguished from preferential mating which 
comes about because males or females of certain classes or having certain 
characteristics find it less easy to mate than others, it would seem that 
such a conclusion is too sweeping. Yet, the evidence so far points to 
the existence of some factor that enters into marital selection and is 
linked to longevity. Whether this factor is expressed by either the 
social, the economic, the racial, or the constitutional characteristics that 
are involved in marital selection remains to be seen. 

It is well to recall at this point that although association between 
husbands and wives relative to certain causes of death has been demon- 
strated, yet it was also found that the value of the coefficient of correla- 
tion between age of death was practically the same for the spouses both 
of whom died from the same causes and for the couples in whom the 
two spouses died from different causes. This finding together with those 
reported here lead to the broad implication that, statistically speaking 
of course, the elements involved in the conjugal life peculiar to each 
couple may be important with regard to the break-down of the organism 
from certain etiological conditions, but does not play a fundamental 


role in the resistance of the organism to a fatal break-down in general. 
There are other elements, some of which we know, involved in the 
determination of longevity and if the results of the present study can be 
taken at face value it would seem that these elements are reflected in the 
factors of marital selection and therefore could probably be more pre- 
cisely identified and their influence measured by extending further the 
study of the marital group. 


SUMMARY 


From the death records of 1222 white married couples of whom 
both spouses died in Washington County, Maryland, between 1898 and 
1938, the observed differences between age of death of husband and 
wife have been compared with differences calculated assuming: 

I. Randomly assorted pairs of men and women of given age and age 
difference at marriage are subject after marriage to the mortality of 

(a) the 1222 couples 

(b) The U. S. Life Table population as of 1929-1931 

(c) The U. S. Life Table population as of 1900-1902. 
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II. Randomly assorted pairs of men and women of whom one has 
died at the given age and the widowed who is of given age is subject 
thereafter to the chances of death for his or her age and sex. 

The comparison of the observed with the theoretical differences 
reveals : i 

1. The observed differences are significantly lower than the theo- 
retical calculated under any of the hypotheses mentioned. 

2. The deviation between theoretical and observed is most marked 
when the age of death of one spouse and the age of the survivor would 
lead to the expectation of a large difference between the death of hus- 
band and wife. 

3. The deviation between theoretical and observed is of the same 
order for the spouses both of whom died between 1919 and 1938 and 
for the spouses one or both of whom died between 1898 and 1918. 

4. The observed differences decrease with increase in the duration of 
marriage, but this trend turns out to be spurious and apparently due to 
the relationship between age of death and duration of marriage. 

It is concluded that there exists a real association between the length 
of life of husband and wife and this association is probably the result 
of factors that enter into marital selection. 


The author wishes to express his gratitude to Dr. A. J. Lotka and Mr. M. 
Spiegelman whose criticisms were of inestimable help in the preparation of this 


paper. 
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AM URING the course of vascular studies on the human finger 
tip and toe tip certain statistical constants were noticed which 
were considered worth recording separately. The studies 
<=] were limited to the right index finger tip and right second 
toe tip. The finger tip previously defined (Sodeman, ’37; Turner, 
Burch and Sodeman, ’37) consists of that portion of the finger distal 
to a plane passing through the major dorsal and palmar distal creases. 
The toe tip was arbitrarily defined by comparable skin markings, viz., 
that portion of the toe distal to a plane passing through the major dorsal 
and plantar distal creases. In both instances the plane passes proximal 
to the distal interphalangeal joint. 

Since the terminal portion of the toe is larger than the more proximal 
portion, the method described for determining the volume of the finger 
tip by measuring the volume of a rigid negative case (Sodeman, ’37) 
could not be employed in these observations. In ascertaining the volume 
of the finger tip and toe tip negative casts of the parts were first made 
of a resilient moulage, Negocoll,! from which positive casts were made 
of dental stone. The positives were cut through the creases previously 
described. The volume of these positive casts was measured by the 
displacement of mercury which was then weighted. All measurements 
were made with the subject resting in the supine position and with the 
part at the level of his heart. 

The apparatus employed is shown in Fig. 1. It was constructed of 
clear Lucite. Part A is essentially a cylinder with a closed broad base. 
Part B is a bevel-shaped ring made to fit snugly inside of A. It is 
used to hold the cast in place under the surface of the mercury when 






* Fellow of the Commonwealth Fund. 
*A preparation of Kern Co., New York. 
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Fic. 1. SCHEMATIC REPRESENTATION OF THE APPARATUS (SEE TEXT) 


container A is being filled. Part B is bevelled so as to prevent the 
formation, and facilitate the removal, of bubbles of air during the filling 
of A with mercury. In use, ring B is placed inside of container A, and 
A is filled with mercury. The meniscus of the mercury is levelled to 
the top of A by pressing a thick, broad, glass slide over the top of the 
container. The volume of mercury then contained in A is a fixed quantity 
and is used for the measurements. Some of the mercury contained in A is 
poured out and saved, ring B is removed, and the positive cast to be 
measured is placed in A. Ring B is replaced in A, over the cast, and 
A is refilled with part of the mercury that has been saved. During the 
refilling of A with mercury, care is taken to keep the cast away from the 
wall of the container and to remove air bubbles. The mercury meniscus 
is again levelled off to the top of A with a glass slide. The mercury 
that is left over represents the volume of the cast. The volume of the 
mercury is determined from its weight, corrections being made for room 
temperature. On application of the method to the determinations of 
the volume of small metal cylinders of known volumes (3 to 7 cc.) the 
maximum error was less than 3 per cent. 

Volume measurements were made of the right index finger tip and 
second toe tip of 29 normal, white, human subjects ranging in age from 
17 to 55 years. The individual variations in sex, age, and volume of 
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TABLE 1 


Total volume of the finger tip and toe tip of 29 normal white 
human subjects 





VOLU ME OF VOLU ME OF 
FINGER TIP TOE TIP 
(cu. mm.) (cu. mm.) 





2821 2952 
3108 3611 
3162 
3027 
2948 
4364 
4182 
3938 
2988 
3160 
5312 
3595 
3694 
5538 
4788 
4104 
4220 
4338 
4132 
4426 
3950 
4528 
4256 
4842 
4497 
4051 
4664 
3454 
5224 
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Volume of finger tip Volume of toe tip 

4366 + 113 405990 cu.mm. 

2821 to 7088 2948 to 5538 cu. mm. 
Standard deviation.... g11 + 80 720 +64 cu.mm. 
Coefficient of variation 20.60 + 1.89 per cent 17.75 + 1.67 per cent 
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the parts are recorded in Table 1. The mean volume of the finger tip for 
the entire group is 4366 + 113 cu. mm. with a standard deviation of 
git + 80 cu. mm. and a coefficient of variation of 20.60 + 1.89 per 
cent. The mean volume of the toe tip for the group is 4059 + go cu. 
mm. with a standard deviation of 720 + 64 cu. mm. and a coefficient of 
variation of 17.75 + 1.67 per cent. The statistical constants for the 
volume of the finger tip and toe tip for the entire group and for each 
sex group separately, are recorded in Table 2. The coefficient of 
correlation for the volume of the finger tip and volume of toe tip is 


+0.760 + 0.053 (Fig: 2). 
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Fic. 2. Spor GRAPH OF THE RELATIONSHIP OF THE VOLUMES OF THE 
FINGER TIPs TO THE Toe Tips 


The males and females were considered separately to learn whether 
there was a difference between the sexes in the volumes of the parts 
studied. The data for the 9 females (subject number 1 was eliminated 
because of her youth) were studied statistically by a method for the 
study of small array of biological data (Mainland, ’37). The mean 
volume of the finger tip is 3448 + 99 cu. mm. for the females and 
4868 + 126 for the males, a difference of 1420 cu. mm. The probable 
error of this difference is +160 cu. mm., indicating a significant dif- 
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erence between volumes of the finger tips for the two sex groups. The 
mean volume of the toe tip is 3487 + 124 cu. mm. for the females, 
and 4405 + 88 for the males, a difference of 918 cu.mm. The probable 
error of this difference is +152 cu. mm., indicating a significant 
difference between the volumes of the toe tips for the two sexes. 


COMMENT 


The mean volume for the finger tip of this group of 29 normal 
individuals is 903 cu. mm. less than the mean volume previously reported 
for a different series of 26 normal, male individuals (Burch and Sode- 
man). This difference is accounted for in large part by the fact that 
this group contains 10 female subjects who have been shown to have 
smaller finger tips than the males. When we consider the mean volume 
for the finger tip of the males only in our series, this difference is 
reduced by 56 per cent. 

The coefficient of variation for the toe tip is essentially the same as 
that for the finger tip. This is about equal to those for the weights of 
the heart, kidneys, liver, and body of normal individuals, which are 
17.70, 17.80, 14.80 and 12.78 respectively (cited by Pearl). 

The coefficient of correlation for the volumes of the finger tip and 
toe tip, +0.760 + 0.053, is greater than the coefficients of correlation 
for heart weight and body weight, heart weight and kidney weight, heart 
weight and liver weight, and heart weight and brain weight, which are all 
essentially expressions of volume. The four latter correlation coefficients 
are +0.65, +0.56, +0.52, and +0.08 respectively (Greenwood and 
Brown, ’13). One might expect a high correlation between volumes of 
homologous finger tips and toe tips as they are more closely related 
anatomically and embryologically than heart and liver, heart and brain, 
and the like. 

In all of these subjects there was some degree of distortion of the 
shape of the toes due to the wearing of shoes. The extent to which 
this has influenced the volume of the toe tips and in turn the statistical 
constants reported above is not known. 


SUMMARY 


A method is described for the measurement of the volume of the 
finger tip, toe tip, and other irregular portions of the body. The method 
consists of first making a negative cast of the part to be measured with 
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a resilient moulage, then a positive cast of dental stone, and finally 
measuring the volume of the positive cast by displacing mercury, 
Volume determinations were made of the right index finger tip and 
right second toe tip of 29 normal, white subjects and statistical con- 
stants were calculated. The male group is found to possess significantly 
larger finger tips and toe tips than the female group. It is also found 
that the volumes of the finger tips and toe tips exhibit a high degree of 
correlation, +0.760 + 0.053. 
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RELATION OF SEASON OF BIRTH TO CER- 
TAIN ATTRIBUTES OF STUDENTS 


BY LAURENCE B. CHENOWETH, M.D. AND 
RICHARD G. CANNING, A.B.* 





— 


SSX}HERE is no doubt of the fact that succeeding generations 
Mi] of college students, in late years, have been increasing in 
=) average size. Ancient man was relatively small (1), he 
tl si) gained very little in height during the middle ages (2), and 
the stimulus of a new environment in America added but a small amount 
to his size in colonial times (3). Statistical studies made in the past 
two decades have shown a remarkable increase in the height of man. 
The average height of freshman men in the University of Cincinnati 
in 1916 was 67.5 inches. By 1936 the average height had increased 
to 69.9 inches, a gain of almost two and one-half inches in twenty 
years (4). Since 1936 there has been no increase in average size of 
freshman students in the University of Cincinnati and the curve of 
growth seems to have reached a plateau. (Freshmen measured since 
1936 show these average heights: 1937, 69.7 ins.; 1938, 69.3 ins.; 1939, 
69.6 ins.) Not only has the size of man increased but the rate of 
growth of children has also been increasing (5). 

Why should mankind begin to grow more rapidly after years of 
relatively slow growth? The answer to this question is, we think, com- 
paratively clear. Casmir Funk, in 1911, first used the term “vitamin” 
to describe accessory food substances which stimulated growth in lab- 
oratory animals. Since then a number of vitamins have been discovered, 
and their use popularized. Young adults of the present were children 
after that time and profited by the newer knowledge of nutrition. Cod 
liver oil, orange juice and other vitamin containing foods became regular 
articles of diet for infants and children. If vitamins could cause 
accelerated growth in laboratory animals is it not fair to assume that 
they could and did cause the same kind of growth in children? 


* From the Students’ Health Service, University of Cincinnati, L.B.C. Director, 
R.G.C. Statistician. 
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All of the studies on prevalence of communicable diseases in the 
20th century have indicated a marked decline in the incidence of most 
of the more serious illnesses of childhood. Such diseases as typhoid 
fever and dysentery have gradually decreased in amount following 
attention to purification of water supply. Diptheria and small pox 
incidence has responded to wholesale immunization of children. Tuber- 
culosis has come under a certain measure of control through early 
diagnosis and more scientific treatment. Communicable diseases retard 
growth in children; their partial elimination immediately releases a cer- 
tain amount of retardation of growth of young people in the aggregate. 

The social and economic improvement in the general population 
may be questioned by some, but mass production of many of the com- 
forts of life has resulted in certain increase in the standard of living. 
Rapid transportation has resulted, in general, in a fresher, more varied 
food supply. In spite of the depression those of us who have lived 
a half-century must recognize that there is a real improvement in living 
conditions. The general use of refrigeration alone has greatly improved 
health conditions in the community. 

There has also been an improvement in the habits of children. More 
attention has been paid to the value of physical activity for them, 
especially play and exercise in the open air. Playgrounds and gymnasia 
abound everywhere and children may follow a program of healthful 
activity. 


BIRTHS IN BELGIUM (Solid Line) (Detted Line) LONGEVITY 
Yrs. 
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Fic. 1. Exampies or Basic ANIMAL RHYTHM 
Monthly distribution of births in Belgium (1927-28, 1930-33) is shown by the 
solid line. Lengths of life in years of 39,004 persons in the eastern United States 
arranged according to their birth dates are shown by the dotted line. (After 


Huntington, Season of Birth, published by John Wiley and Sons, Inc. Reprinted 
by permission. ) 
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We can recognize the probable causes of increase in the size of man, 
put there are other phenomena in human biology which are not so easily 
explained. Ellsworth Huntington has made numerous studies on the 
relation of season of birth to certain human attributes (6). We are 
permitted to quote certain observations from his recent book. Fig. 1 
is derived from his study of the distribution of births in Belgium and 
longevity in the United States. One notices that more babies are born 
in that country from February to July than from August to January, 
and that the curve for length of life follows, in a general way, that for 
births. These fundamental observations are typical of a certain rhythm 
which recurs with regularity in the human species. A similar curve 
was obtained by Huntington for 10,000 prisoners in correctional insti- 
tutions in New Jersey (see Fig. 8). 

It occurred to us to inquire into the relationship between the month 
of birth and certain attributes which could be easily measured. We 
had data concerning the size of students, their date of birth and the 
result of certain psychological examinations. All freshmen are given 
preliminary physical examinations to determine their physical fitness. 
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Height of University of Cincinnati students born in various years. The 
secular trend is indicated as a dotted line. 
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Fic. 3. WEIGHT or STUDENTS 


Weight of University of Cincinnati students born in various years. The 
secular trend is indicated as a dotted line. 


The health service has records of these examinations (including per- 
sonal histories) for about 25 years. The present study, which we are 
reporting in this paper, covers a period of 18 years and includes 10,005 
male students. The records were divided by month and year of birth, 
and those students born between the years 1904 and 1921 inclusive had 
enough individuals whose birthdays came in the various months to be 
considered as adequate samples. The average height and weight was 
calculated for each month and then for each year. The figures showed 
two things: First, the averages for height and weight were increasing 
during the period, showing a secular growth, and, second, the averages 
did not proceed smoothly up the secular growth line, but were distributed 
around it. (See Figs. 2 and 3). Before any monthly indices could be 
calculated, it was necessary to reduce each year to a common level so 
that all months counted equally. To do this a trend line was put 
through the yearly averages and was interpolated for the monthly values. 
Ratios of actual heights and weigths to trend line values were then 
calculated. This step eliminated secular growth. The second step was 
to reduce each year to a common level since they had been scattered 
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around the trend line. This was accomplished by adjusting each year’s 
ratios so that they totaled 1200, and the average for the year would 
thus be 100 per cent (1200 ~ 12 months). Now that the years were 
comparable, typical month indices were calculated simply by finding the 
averages of the eighteen (yearly) ratios for a month. In some cases 
great variations in ratios were found and were discarded as random 
fluctuations so that they did not influence the final result which is shown 
in Table 1. 


TABLE 1 


Seasonal indexes of height and weight 





NUMBER OF MEN HEIGHT INDEX WEIGHT INDEX 





839 100.09 100.02 

843 99.95 99.62 

780 100.19 101.04 

820 99.97 99.35 

100.08 100.33 

100.16 100.58 

100.08 100.04 

99.69 99.86 

September 854 99.78 99.87 
October 774 100.03 99.45 
770 99.97 99.46 

810 100.00 100.26 





In making a graph of seasonal indices, a smoothing process was 
used in order to show only general tendency of the indices rather than 
the indices themselves. The smoothing formula is one well known in 
statistical work: 


A+2B+C 
4 

Where B’ is the “smoothed” value for a given month, B the index 
for that month, A and C indices for the preceding and following 
months respectively. The graphs obtained are shown in Figs. 4 and 5. 

In comparing our curves with those of Huntington the reader will 
observe a certain similarity of pattern which recalled the “basic animal 
rhythm.” Huntington suggests that man probably “acquired this funda- 
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In this chart a similarity may be seen to Fig. 1. Students born in the first half 
of the year are taller than those born in the remainder of the year. 
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Fic. 5. RELATION OF SEASON OF BirtH TO WEIGHT 


Note the similarity of this curve to Fig. 1 and 4. 


mental animal rhythm because it favored the survival of the young.” 
In the spring months temperatures are mild, food is becoming increas- 
ingly abundant and diseases are less prevalent. Babies born at this 
time can be well fed by their mothers and the mothers themselves are 
getting a more abundant diet. The child’s internal organs have had 
time to be strengthened before the extreme heat of summer sets in. 
No doubt primative man was influenced by this natural seasonal 
occurrence and fell into harmony with it. This rhythm has been 
transmitted down to the present day and there are still traces of it. 
Size of the individual and even attributes of the mind seem to be 
affected by the season of birth. 

A small sample (489 cases) of the standing of University of Cincin- 
nati students on psychological examination (not I.Q.) was studied, with 
the results illustrated in Fig. 6. This produced a similar type of curve 
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Fic. 6. RELATION oF SEASON OF BirtH TO RESULTS OF PSYCHOLOGICAL 
EXAMINATION 


In 489 cases studied the best grades were made by students born in December, 
January, February, March, and April. 
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Fic. 7. ReLation or SEASON oF BirtH To CoLLece Graves 


This is a smoothed curve of the study of college grades of 212 men in relation 
to their month of birth. 


to the others, as did also a smaller group whose college grades were 
studied (Fig. 7). 

A curve diametrically opposed to all the others was obtained when 
the season of birth was investigated for the 10,005 students mentioned 
above. This fact is illustrated along with Huntington’s study of 10,000 
prisoners in New Jersey. The curve for the season of birth of prisoners 
is just the opposite of that for students, but is similar to other curves 
in his studies and ours. It is difficult to explain such an apparent con- 
tradiction. Can it be that our students, who come almost exclusively 
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It will be noted that these two groups of approximately 10,000 each give very 
different curves when plotted. The curve for prisoners is after Huntington, 
Season of Birth, published by John Wiley and Sons, Inc., and reprinted with 
permission. 


from the middle classes, are not from the most favored groups? Is it 
possible that students from the more wealthy and greatly endowed 
institutions might show a curve more in keeping with the fundamental 


basic animal rhythm of Huntington? Such a study from that type of 
institution might prove interesting. 
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A STATISTICAL PHENOMENON INVOLVING 
HAIR-COLOR AND PHYSICAL TYPES 


BY FREDERIC T. JUNG 


The Department of Physiology and Pharmacology, 
Northwestern University Medical School, Chicago 





=) characteristics have given rise to an extensive literature 
} with an impressive vocabulary of such adjectives as pyknic, 
==] euryosomic, euryoprosopic, macrosplanchnic, and hyper- 
sthenic. A variety of such classifications, with particular reference to 
the ideas of Kreischmer, is given in detail by Weidenreich (1). The 
possibility that the study of physical types might be fruitful in psychiatry 
was painstakingly investigated by Schmidt (2), who concluded that 
knowledge of a patient’s habitus was of very little use in the diagnosis 
of mental disorder, Paterson (3) gave additional reasons for believing 
that Kretschmer’s methodology is unwieldy and scientifically unsatis- 
factory. 

Nevertheless, at times one obtains results that look as if the con- 
stitutional propensities correlated with physical type must make a great 
deal of difference to the individual. A striking illustration is the differ- 
ence in time of menarche reported by Pryor and Smith (4). They 
compared the times of beginning menstruation of the nine slenderest 
and nine broadest of a large series of girls. While the broad-built 
girls had their menarches on the average at the early age of 11.7 years, 
no average could be computed for the slender ones because when the 
study was terminated some had not yet menstruated; it was clear that 
their average was bound to be something greater than 14.0 years. This 
would appear to furnish ample justification for the conclusion that the 
pyknic type of girl menstruates much earlier that the leptosomic. The 
result, moreover, is of some practical interest because an early menarche 
in girls, like early puberty in boys, has been shown to be strongly 
correlated with at least temporary advantages in height, weight, strength, 
and proficiency in school work. 
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Another illustration is a fact recorded by Breipohl (5), who classi- 
fied 284 girls according to the color of their hair. He found that the 
darkest-haired girls had first menstruated at an average age of 13.02 
years, while the lightest-haired had menstruated at 13.31 years. 

No comparable data have been found regarding puberty in boys, 
The popular belief that natives of the torrid zone mature sexually 
earlier than people of the temperate and frigid zones has been satis- 
factorily disproved for girls (6), but might still be true for boys; 
similarly there might exist a difference in puberty-time between light- 
haired and dark-haired boys. For this reason Jung and Shafton noted 
the color of hair in 169 boys who were examined in the course of a 
study on puberty (7). It has been found that a temporary proliferation 
of breast tissue takes place in the normal boy at puberty, and that the 
resulting lump under each nipple—the so-called subareolar node—raises 
the nipple high enough to give statistical significance to measurements 
of nipple-height. If the nipple-height is graphed as a function of age 
in boys between the ages of 11 and 17, it is found to reach a maximum 
within about a year after the fourteenth birthday. Of the 169 boys 
mentioned, there were 162 between the ages of 12.00 and 16.99, and 
the measurements obtained from them in October, 1935, gave a max- 


imum nipple-height for the age-group 15.00 to 15.99 years (Table 1). 


TABLE 1 


Nipple-height and age 





NUMBERS OF MEAN NIPPLE-HEIGHTS 
BOYS (in mm.) with PE. 





12.0 12.9 45 0.56 = 0.10 
13.0 13.9 49 1.00 + 0.10 
14.0 14.9 38 1.26 + 0.18 
15.0 15.9 24 1.64 + 0.24 
16.0 16.9 6 0.61 + o.11 





Now when Jung and Shafton sorted the boys into light, medium, and 
dark-haired groups and graphed the data separately for these groups, 
a surprising difference was revealed. It appeared that dark-haired 
boys had their maximum nipple-height (and so must be supposed to 
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pass through the changes of puberty) practically two years earlier than 
light-haired boys (Table 2). Since the swelling under the nipple is 
often somewhat painful and frequently has caused alarm to the parents 
of boys whose family histories include cases of cancer of the breast, 


TABLE 2 


Distribution of hair-color among boys examined for maximum 
nipple-height 





DISTRIBUTION OF HAIR-COLOR 
AVERAGE NIPPLE-HEIGHT AMONG BOYS EXAMINED 
(millimeters) Numbers Percentages 
Light Medium Dark 





12.0 to 12.9 0.54 0.45 0.72 
13.0 to 13.9 1.07* 0.23 1.05* 
14.0 to 14.9 1.56 ary 0.93 
15.0 to 15.9 280* 2.70 —0.04* 
16.0 to 16.9 nae ith 0.32 





* 1.07 + 0.12; 1.05+0.19; 2.80%0.37; —0.04 0.21 


it was of interest to note that apparently the light-haired boys had the 
swelling in much severer form than the dark-haired ones. 

The point of the present paper is that the three observations above 
involve a curious sort of vicious circle. In the case of hair-color in 
boys, Jung and Shafton found an increasing percentage of dark-haired 
boys in the older groups of their particular series (Table 2). Uchida 
has assembled evidence showing that the darkening of human hair is 
accelerated during adolescence. Evidently, then, the color of hair is 
not a satisfactory criterion in sorting out boys during adolescence. The 
analogy is completed by Pryor and Smith’s observation that marked 
broadening is an essential change of adolescence in girls, so that breadth 
is not a satisfactory criterion for typing adolescent girls. Obviously 
the same criticism applies to the results of Briepohl. 

The process that is concerned in this statistical illusion can be made 
clearer by a hypothetical case as follows: Suppose that an investigator 
is dealing with 160 boys evenly distributed between the ages of 12.00 
and 16.99. The youngest groun contains only prepubescent boys ; inter- 
mediate age-groups contain an increasing percentage of postpuberal 
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boys; and the oldest group contains only boys who have completed the 
pubertal changes. This gives the following assortment: 


Age Prepubescent Postpuberal 


to 32 o 
to 28 4 
to 16 16 
to 4 28 
to 0 32 


Consider the boys in groups of four, and suppose that of each group 
of four, as they complete the changes of puberty, one boy begins and 
remains light-haired, one boy changes from light-haired to medium, one 
boy changes from medium to dark, and the fourth boy begins and 
remains dark. The above table then expands thus: 


Age Prepubescent Postpuberal 
Light Medium Dark Light Medium Dark 


12.00 to 12.99 16 8 o 
13.00 to 13.99 14 


15.00 to 15.99 2 


7 
14.00 to 14.99 8 4 
I 
16.00 to 16.99 oO oO 


Now one need only rearrange the columns thus: 


Age Light Medium Dark 
Pre Post Pre Post Pre 


12.00 to 12.99 16 
13.00 to 13.99 14 
14.00 to 14.99 8 


15.00 to 15.99 2 14 
16.00 to 16.99 o 16 


Examining especially the age-group 14.00 to 14.99 one can see that 
the dark-haired boys appear to be far ahead of the light-haired ones. 
But this must be illusory since no distinction as to hair-color was made 
as the boys were transferred from the prepubescent to the postpuberal 
classification. The difficulty is the result of sorting by means of an 
unreliable criterion — a criterion which permits some individuals to 
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shift from one category to another during the very process one is trying 
to study. 

These results are disquieting because it is possible that a similar 
fallacy is involved in some generally accepted statistical results. An 
example is the difference noted between thin and stout people as regards 
their death rate from tuberculosis (9). If the early stages of tuber- 
culosis frequently include a slow loss of weight, there must be a 
preceptible tendency for individuals to shift from the stout to the 
medium and from the medium to the thin categories. In this situation, 
then, weight is not a satisfactory criterion for sorting the individuals 
concerned, and the result must be something in the nature of a petitio 
principii. Whatever may be the uses of data of this sort, it is clear 
that they must not be interpreted as giving some ulterior significance 
to the ancient classification of people into slim and stout, blond and 
brunette. 
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ERRATUM 


A HROUGH an error, the word “Nordic” appeared in place of 
the word “Noric’, in the next to the last line, on page 395, 
ij of the paper by Griffith Taylor entitled “Blood Groups and 

=] Types in Baghdad and Vicinity” (HuMAN Bro.oey, Vol. 13, 
. In the last paragraph on page 397 “Nordic” should read 
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Liverpool and in England and Wales. With an Introduction by D. Caradog 
Jones. London (Jonathan Cape), 1941. Pp. 93. 8% xX 5% inches. 65s. 
[8 bibliographic footnotes.] 

Barttey, S. Howarp. Vision: A Study of its Basis. With an Historical Per- 
spective by Edwin G. Boring. New York (D. Van Nostrand Co.), 1941. 
Pp. xv X 350. 8% X 5% inches. $3.50. [Bibliography at the end of each 
chapter. ] 

Burrow, TRIGANT. Kymograph records of neuromuscular (respiratory) patterns 
in relation to behavior disorders. Psychosomatic Medicine, Vol. 3, pp. 174- 
186, 1941. [Bibliography of 13 titles.] 

Dent, Jonn Y. Anxiety and Its Treatment: with Special Reference to Alcohol- 
ism. London (John Murray), 1941. Pp. 124. 7% X 4% inches. 3s. 6d 

GesELL, ARNOLD, and CATHERINE S. Amatrupa. Developmental Diagnosis; 
Normal and Abnormal Child Development. New York (Paul Hoeber, 
Medical Book Department of Harper and Brothers), 1941. Pp. xiii + 447. 
9% X 6% inches. $6.50. 

METHENY, ELeANnor. Breathing Capacity and Grip Strength of Preschool 
Children. University of lowa Studies in Child Welfare, Vol. 18, pp. 207, 
1940. [Bibliography of 8% pages.] 

SHERMAN, MANDEL, Basic Problems of Behavior. New York, London and 
Toronto (Longmans, Green and Co.), 1941. Pp. vi + 440. 8% X 5% 
inches. $3.00. [Bibliographic footnotes and bibliography of 16% pages.] 

Sxrnne_er, C. E., and P. L. Harriman [Editors], in collaboration with Amy E. 
Arey, L. A. Averitt, Lortn E. Brxier, E. A. Bonp, and others. Child 
Psychology: Child Development and Modern Education. New York (The 
Macmillan Co.), 1941. Pp. xii + 522. 83% x 5% inches. $3.00. [“Selected 
References” at the end of each chapter.] 


3. Psychiatry 


BrapLey, CHARLES. Schizophrenia in Childhood. New York (The Macmillian 
Co.), 1941. Pp. vii + 152. 8 X 5% inches. $3.50. [Bibliography of 118 
titles. ] 

Burrow, TRIGANT. The human equation. Mental Hygiene, Vol. 25, pp. 210-220, 
1941. [5 bibliographic footnotes.] 

TowLe, CHARLOTTE. Social Case Records from Psychiatric Clinics: with Discus- 
sion Notes. Chicago (University of Chicago Press), 1941. Pp. xii + 455. 
9 X 5% inches. $3.00. [Bibliographic footnotes and bibliography at the 
end of each chapter.] 
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4. History and Biography 


ALLEN, James G. Historical development of the Governor-Generalship of South 
Africa. University of Colorado Studies. Series C. Studies in the Social 
Sciences, Vol. 1, No. 2, pp. 181-193, 1941. [42 bibliographic footnotes.] 

Bamey, Joun W. Biology at the University of Richmond. Published in Celebra- 
tion of Twenty-Five Years of Service on the New Campus and of the 
Founding in 1914 of Westhampton College. Richmond, Virginia (University 
of Richmond), 1939. Pp. 194. 9 X 5% inches. $2.50. 

D’Arms, Epwarp F., and Wiit1am Wattace. Supplement to the catalogue of 
Greek and Roman coins at the University of Colorado. University of 
Colorado Studies. Series C. Studies m the Social Sciences, Vol. 1, No. 2, 
pp. 159-163 + 1 plate, 1941. 

Ecxuarpt, Cart C. Heinrich von Stephan, Founder of the Universal Postal 
Union. University of Colorado Studies. Series C. Studies in the Social 
Sciences, Vol. 1, No. 2, pp. 131-143, 1941. [32 bibliographic footnotes.] 

Ropcers, ANprew D. III. “Noble Fellow” William Starling Sullivant. With a 
Compilation of the New Species of Mosses and Liverworts Described by 
William S. Sullivant and Those Described by William S. Sullivant and Leo 
Lesquereux. Prepared by Richard T. Wareham. With a Foreword by 
Adolph E. Waller. New York (G. P. Putnam’s Sons), 1940. Pp. xxii + 
361. 83% X 5% inches. $3.50. [“Book titles and authors referred to in 
text”, 4%4 pages; “Works of William S. Sullivant”, 344 pages; bibliography 
of 295 titles.] 

Sicerist, Henry E. Medical history in Central and South America. Bulletin 
of the History of Medicine, Vol. 9, pp. 342-360, 1941. [Bibliographic foot- 
notes throughout.] 

S1certst, Henry E. Early mediaeval medical texts in manuscripts of Montpellier. 
Bulletin of the History of Medicine, Vol. 10, pp. 27-47, 1941. [Bibliographic 
footnotes throughout.] 

Sicerist, Henry E. Mediaeval medicine. Reprinted from Studies in the History 
of Science. Philadelphia (University of Pennsylvania Press), 1941. Pp. 
43-54. 

Sicertst, Henry E. Laudanum in the works of Paracelsus. Bulletin of the 
History of Medicine, Vol. 9, pp. 530-544, 1941. [Bibliographic footnotes.] 
Sicertst, Henry E. Alexandre Ricord’s dissertation of 1924. Bulletin of ihe 

History of Medicine, Vol. 9, pp. 468-474, 1941. [Bibliographic footnotes.] 

Wats, GROESBECK, and Rospert M. Poor. Antithetical views on twinning found 
in the Bible and Shakespeare. Southern Medicine and Surgery, Vol. 103, 
No. 3, 1941. Pp. (of reprint) 10. [8 bibliographic references.] 

Wuuts, L. G., [Originally compiled by.] Bibliography of References to the 
Literature on the Minor Elements and Their Relation to Plant and Animal 
Nutrition. Second Supplement to the Third Edition. New York (Chilean 
Nitrate Educational Bureau), 1941. Pp. 67. 11 X 8% inches. Free (paper). 
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5. Sociology, Law, Politics and Religion 


CrowTHER, J. G. The Social Relations of Science. New York (The Macmillan 
Co.), 1941. Pp. xiii + 665. 8% Xx 5% inches. $3.50. [Bibliography with 
some of the sections.] 

GoopyKoontz, Cotrn B. The progressive movement in Colorado, 1910-1912. 
University of Colorado Studies. Series C. Studies in the Social Sciences, 
Vol. 1, No. 2, pp. 145-157, 1941. [39 bibliographic footnotes.] 

Hoover, J. Encar. Your future task. Address delivered at the Commencement 
Exercises of The University of the South, Sewanee, Tennessee, June 9, 1941. 
Po & 

Leys, NorMAN. The Colour Bar in East Africa. London (The Hogarth Press), 
1941. Pp. 160. 8% xX 5% inches. 7s. 6d. 

LINDERGREN, ALINA M. Education and service conditions of teachers in Scandi- 
navia, The Netherlands and Finland. U.S. Office of Education, Bulletin 
1940, No. 9, (Government Printing Office) 1941. Pp. vii + 149. 9% X 5% 
inches. 20 cents (paper). [Bibliography of 1 page.] 

Perez, MANUEL A. Health and socio-economic studies in Puerto Rico. V. Second 
survey of the Lafayette area. The Puerto Rico Journal of Public Health and 
Tropical Medicine, Vol. 16, pp. 547-621, 1941 [?]. (With summary in 
Spanish.) [Bibliography of 6 titles.] 

Pusitic Works CoMMiTTEE. Long-range programming of municipal public works. 
Report to the National Resources Planning Board. Washington, D.C. (Govern- 
ment Printing Office), 1941. Pp. vii + 72. 11% X 9g inches. 30 cents (paper). 
[Bibliography of 1 page.] 


6. Economics 


Brnoya, Cornetio S. A comparative study of the value of sugar and corn as 
basal feeds for growing and fattening pigs. The Philippine Agriculturist, 
Vol. 20, pp. 766-770, 1941. [Bibliography of 4 titles.] 

BurEAU OF THE CENSUS. State Proposals Voted Upon: 1940. State and Local 
Government Special Study No. 11. Washington, D. C., January 6, 1941. 
Pp. 22. 

BurEAU OF THE Census. City Proposals Voted Upon: 1940. State and Local 
Government Special Study No. 12. Washington, D. C., January 28, 1941. 
Pp. 30. 

BurEAU OF THE Census. A Decade of Assessed Valuations: 1929-1938. State 
and Local Government Special Study No. 14. Washington, D. C., July 29, 
1941. Pp. 31. 

BureAU OF THE Census. Financial Statistics of Cities: 1939. Washington, D. C. 
Various numbers of Vol. I as follows, dated from June 3 to September 10, 
1941: 7. Lynn; 8. Reading; 9. Birmingham [Ala.]; 10. Denver; 11. Paterson; 
12. Portland [Ore.]; 13. Waterbury; 14. Erie; 15. New Orleans; 16. Nor- 
folk; 17. Richmond; 18. Tulsa 19. Grand Rapids; 20. Duluth; 21. Knoxville; 
22. Providence ; 23. Elizabeth : 24. Forth Worth; 25. Trenton; 26. Chattanooga ; 
27. Flint; 28. Youngstown; 290. New Haven; 30. Omaha; 31. Evansville; 32. 
Worcester; 33. Tampa; 34. Cambridge [Mass.]; 35. Wichita; 36. New Bed- 
ford; 37. St. Paul; 38. Scranton; 39. Columbus; 40. Somerville; 41. Tacoma. 
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Bureau OF THE CeNsusS. Financial Statistics of States: 1939. Washington, D. C. 

Various numbers of Vol. I as follows, dated from June 2, 1941 to September 
8, 1941: 
11. Michigan; 12. Massachusetts; 13. Georgia; 14. New Hampshire; 15. 
Rhode Island; 16. Nevada; 17. New Mexico; 18. Mississippi; 19. Connecticut ; 
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25. Kansas; 26. North Dakota; 27. Vermont; 28. Oklahoma; 29. Pennsyl- 
vania; 30. Oregon; 31. South Dakota. 

Bureau or THE Census. Population. Washington, D. C. 

Two numbers of Series P-4, as follows: 

6. Preliminary figures on employment status of persons 14 years old and over 
in cities of 1,000,000 or more inhabitants: March 24-30, 1940. Pp. 20. 
August I, I194I. 

7. Preliminary figures on employment status of persons 14 years old and over 
in cities of 100,000 inhabitants or more: March 24-30. 1940. Pp. 12. 
August 18, 194!. 

Fritz, Percy S. Tungsten and the road to war. University of Colorado Studies. 
Series C. Studies in the Social Sciences, Vol. 1, No. 2, pp. 195-205 + 2 
plates, 1941. [34 bibliographic footnotes.] 

Fronpa, F. M. The livestock industry of Australia. The Philippine Agricul- 
turist, Vol. 29, pp. 813-825, 1941. [Bibliography of 6 titles.] 

Jounson, CHarwes S., and Associates: Lewis W. Jones, Burorp H. JuNKeEr, 
Ext S. Marks, and Preston VALIEN; Consultants: Epwin R. Emsree, and 
W. Lioyp Warner. Statistical Atlas of Southern Counties. Listing and 
Analysis of Socio-Economic Indices of 1104 Southern Counties. Chapel Hill 
(University of North Carolina Press), 1941. Pp. X + 355. 10 X 7 inches. 
$4.00. [“County reference list” of 26 pages; “State reference list” of 28% 
pages. ] 

LosBANES, Nicanor L. The normal feed consumption of Los Banos Cantonese 
chicks. The Philippine Agriculturist, Vol. 20, pp. 791-796, 1941. [Bibliogra- 
phy of 5 titles.] 

Ricntor, C. E. [Prepared under the direction of.] Financial Statistics of Cities. 
1938. Volume 2; Summary Bulletin. Bureau of the Census. Washington, 
D. C. (Government Printing Office), 1941. Pp. ii + 30. 9 X 5% inches. 
10 cents. 

Scunemwer, Westey J. Field Warehousing as a Facility for Lending against 
Commodities. New York (The Macmillan Co.), 1041. Pp. vii + 85. 
7% X 4™% inches. $1.00. [Bibliography of 3 pages.] 

STresetinc, Hazet K., Day Monrogz, Cattre M. Coons, Estoer F. Pxrparp, 
and Farrn CrLark. Family Food Consumption and Dietary Levels. Five 
Regions. U.S. Department of Agriculture, Miscellaneous Publication No. 405. 
Consumer Purchases Study. Farm Series. Washington (Government Print- 
ing Office), 1941. Pp. vi + 303. 9% X 5% inches. 35 cents (paper). 

SwIsHErR, Eart. The character of American trade with China, 1844-1860. Univer- 
sity of Colorado Studies. Series C. Studies in the Social Sciences, Vol. 1, 
No. 2, pp. 165-180, 1941. [78 bibliographic footnotes.] 
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[Watiace, Henry A.] Regulations for Warehousemen Storing Cold-Pack Fruit 
Approved July 2, 1940. Amended September 20, 1940. U.S. Department of 
Agriculture, Agricultural Marketing Service, Service and Regulatory 
Announcements No. 159. Washington (Government Printing Office), 1940. 
Pp. 20. 


7. Education 


CALIveR, AMBROSE. Supervision of the education of Negroes as a function of 
state departments of education. U.S. Office of Education, Bulletin 1940, No. 
6, Monograph 6. Washington, D. C. (Government Printing Office), 1941. Pp. 
61 + 45. 9 X 5% inches. 10 cents (paper). 

DEPARTMENT OF STATE. The program of the Department of State in cultural 
relations. Department of State Publication 1594. Inter-American Series 19. 
Washington, D. C. (Government Printing Office), 1941. Pp. 16. 5 cents. 

LeavELL, HuGH R. Teaching preventive medicine to medical students with special 
reference to the use of health department facilities. New York (The Com- 
monwealth Fund), 1941. Pp. xviii + 77. 9 X 6 inches. 25 cents (paper). 
[Bibliography of 4% pages.] 

Rocers, JAMES FREDERICK. State-wide trends in school hygiene and physical 
education. U.S. Office of Education, Pamphlet No. 5 Revised, Washington, 
D. C.. Pp. 28. 


8. Ethnology, Cultural Anthropology, Travel and Exploration 


Fronpa, F. M. A report on a recent visit to Australia. The Philippine Agricul- 
turist, Vol. 209, pp. 720-737, 1941. 

Huxtey, Erspetn. East Africa: with twelve plates in colour and seventeen 
illustrations in black and white. London (William Collins), 1941. Pp. 48. 
83% X 6% inches. 3s. 6d. 

KLucKHOHN, CLype. Notes on the Navajo Eagle Way. New Mexico Anthro- 
pologist, Vol, 5, pp. 6-14, 1941. [4 bibliographic footnotes.] 

Maccrecor, Frances C. Twentieth Century Indians. Photographs and Text 
by Frances Cooke Macgregor with a Foreword by Clark Wissler. New York 
(G. P. Putnam’s Sons), 1941. Pp. xv + 127. 11 X 8% inches. $3.00. 
[Bibliography of 26 titles.] 

Murpny, Rosert CuSHMAN. The Askoy expedition of the American Museum of 
Natural History in the Eastern Tropical Pacific. Science, Vol. 94, pp. 
57-58, 1941. 

Peck, GRAHAM. Through China’s Wall. Boston (Houghton Mifflin Co.), 1940. 
Pp. 371. 9% X 5% inches. $3.50. 

SHACKELFORD, SHELBY. Electric Eel Calling. A Record of an Artist’s Association 
with a Scientific Expedition to Study the Electric Eel at Santa Maria de 
Belém do Para, Brazil. New York (Charles Scribner’s Sons), 1941. Pp. 
x + 258. 9 X 6% inches. $3.00. [1 bibliographic footnote.] 

SMITHSONIAN INstITUTION. Explorations and Field-Work of the Smithsonian 
Institution in 1940. Smithsonian Institution Publication 3631. Washington, 
D. C. (Smithsonian Institution), 1941. Pp. 100. 9% xX 6 inches. Free 
(paper). 
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SreccerDA, Morris, and Rut B. Ecxarpt. Navajo foods and their preparation. 
Journal of the American Dietetic Association, Vol. 17, pp. 217-225, 1041. 
[Bibliography of 9 titles.] 

STEWARD, JULIAN. Culture Element Distributions. XIII. Nevada Shoshone. An- 
thropological Records, Vol. 4, No. 2. Berkeley (University of California 
Press), 1941. Pp. 209-359. 11 X 8% inches. $1.50 (paper). [Bibliographic 
footnotes and bibliography of 1% pages.] 

Stewart, Omer C. Culture Element Distributions. XIV. Northern Paiute. 
Anthropological Records, Vol. 4, No. 3. Berkeley (University of California 
Press), 1941. Pp. 361-446. 11 X 8% inches. 75 cents (paper). [Bibliogra- 
phy of 17 titles.] 

Van VALiIn, Wirtt1am B. Eskimoland Speaks. Caldwell, Idaho (The Caxton 
Printers, Ltd.), 1941. Pp. 242. 9 & 5% inches. $3.50. 


IV. SOMATOLOGY AND CONSTITUTION 
1. Anatomy 


Forses, James. A Laboratory Manual for Histology. New York (Fordham 
University Press), 1941. Pp. vi + 74. 9% X 5% inches. $1.25 (paper). 
[Bibliography of 2% pages.] 

Latimer, Homer B. Empirical formulae for the measurements of the central 
nervous system and of the digestive system in the adult cat. Growth, Vol. 
4, Pp. 267-276, 1940. [Bibliography of 4 titles.] 

Latimer, Homer B. The prenatal growth of the cat. X. The weight of the 
spleen in the fetal period and in the adult. Growth, Vol. 4, pp. 259-265, 1940. 
[Bibliography of 12 titles.] 

Leonarp, A. Byron. A Laboratory Guide to the Study of Developmental 
Anatomy. Minneapolis, Minn. (Burgess Publishing Co.), 1941. Pp. iii + 75. 
10% X 8% inches. $1.50 (paper). 

Mirarp, Neture D., and Barry G. Kinc. Human Anatomy and Physiology. 
Philadelphia (W. B. Saunders Co.), 1941. Pp. vii + 525. 734 & 5% inches. 
$3.00. [Bibliography of 31 titles.] 

Norris, Harry W. The Plagiostome Hypophysis, General Morphology and Types 
of Structure. Grinnell, Iowa (Harry W. Norris), 1941. Pp. 91. 10 X 6% 
inches. [Bibliography of 2% pages.] 

RasMUSSEN, ANDREW T. The Principal Nervous Pathways: Neurological Charts 
and Schemes with Explanatory Notes. Second Edition. New York (Mac- 
millan Co.), 1941. Pp. ix + 73. II X 834 inches. $2.50. 


2. Physical Anthropology and Anthropometry 


CanveLa, P. B. Blood-group tests on stains, mummified tissues, and cancellous 
bone. American Journal of Physical Anthropology, Vol. 25, pp. 187-214, 1939. 
[Bibliography of 1 page.] 

CanpeLta, P. B. Reliability of blood-group tests on human bones. American 
Journal of Physical Anthropology, Vol. 27, pp. 365-381, 1940. [Bibliography 
of 10 titles. ] 
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CanpeLa, P. B., A. W. Wrener, and L. J. Goss. New observations on the blood- 
group factors in Simiidi and Cercopithecidae. Zoologica, Vol. 25, pp. 513-521, 
1940. [Bibliography of 1 page.] 

Grtuin, Joun. Chatto’s measurements: a footnote to Western history. New 
Mexico Anthropologist, Vol. 5, pp. 3-6, 1941. [7 bibliographic footnotes.] 

Kincssury, A. NEAvE, and Paut Fasar. A nutritional survey of the Federated 
Malay States. II. Heights and weights tables for young Tamils under plantation 
conditions. Bulletin from the Institute for Medical Research, Federated 
Malay States, No. 2 of 1940. Pp. (of reprint) 7. 

Mutts, C. A. Oncoming reversal of the human growth tide. Science, Vol. 92, pp. 
401-402, 1940. [2 bibliographic footnotes.] 

Morr, Eucen. KéGrperliche entwicklung nach form und leistung bei mittelschiilern 
von Aarau. Inaugural dissertation, Anthropologischen Institute der Universitat 
Zirich. Ziirich (Manatschal Ebner und Cie), 1939. Pp. 232 + 29 tables. 
9% X 6% inches. [Bibliography of 6% pages.] 

PELLER, SIGISMUND. Growth, heredity and environment. Growth, Vol. 4, pp. 277- 
289, 1940. [Bibliography of 2 pages.] 

STEGGERDA, Morris. Cross sections of human hair from four racial groups. 
Journal of Heredity, Vol. 31, pp. 474-476, 1940. [1 bibliographic footnote.] 

STEGGERDA, Morris, and Ruta Bare Ecxarpt. Anthropology and human genetics. 
Annual Report of the Director of the Department of Genetics, Carnegie Insti- 
tution of Washington Year Book No. 39, pp. 227-230, 1939-40. 

STEGGERDA, Morris, and CuristinE Evans Petry. An anthropometric study of 
Negro and white college women. Research Quarterly, Vol. 11, No. 3, pp. 110- 
118, 1940. [Bibliography of 13 titles.] 


3. Constitution 


[ Vacant] 


V. PHYSIOLOGY AND BIOCHEMISTRY 
1. Physiology 


BropsHAUG, MELvIN, and HELEN Haccerty in Collaboration with A. J. Carson, 
H. G. Swann, and F. J. Mutytrn. The Work of the Kidneys. A Guide for Use 
with the Instructional Sound Film “The Work of the Kidneys.” Chicago 
(University of Chicago Press), 1941. Pp. iv + 26. 7% X 5% inches. 
15 cents (paper). [Bibliography of 12 titles.] 

BropsHAUG, Metvin, and HeLten Haccerty in Collaboration with A. J. Carison, 
F. J. Mutirn, and H. G. Swann. Control of Body Temperature. A Guide 
for Use with the Instructional Sound Film “Control of Body Temperature.” 
Chicago (University of Chicago Press), 1941. Pp. iv + 25. 77% X 5% inches. 
15 cents (paper). [Bibliography of 13 titles.] 

Bropy, SAMUEL. Reactions of animals to environmental temperature, humidity, and 
air movement. Agricultural Engineering, Vol. 21, No. 7, 1940. Pp. (of reprint) 
4. [Bibliography of 17 titles.] 
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Bropy, S., and H. H. Krister. Growth and development. LII. Relation between 
organ weight and body weight in growing and mature animals. University of 
Missouri Agricultural Experiment Station. Research Bulletin 328. Columbia, 
Missouri, 1941. Pp. 41. [Bibliographic footnotes throughout.] 

CanveLta, P. B. New data on the serology of the anthropoid apes. American 
Journal of Physical Anthropology, Vol. 27, pp. 209-221, 1940. [Bibliography of 
13 titles.] 

Corvin, Joseps W., and Clarence A. Miizs. Ease of body heat loss and resistance 
to infection. Science, Vol. 90, pp. 275-276, 1939. [5 bibliographic footnotes.] 

Curcr, Carto. Le variazioni individuali de metabolismo basale m due gruppi di 
soggetti sani. Endocrinologia e Patologia Costitusionale, Vol. 14, pp. 1-31, 
1939. [Bibliography of 1 page.] 

Curcr, Carto. Ricerche sulla valutazione individuale della superficie corporea. 
Nota prima. Endocrinologia e Patologia Costitusionale, Vol. 15, pp. 30-51, 
1940. [Bibliography of 1 page.] 

Curcr, Carto. Ricerche sulla valutazione individuale della superficie corporea. 
Nota seconda. Endocrinologia e Patologia Costitusionale, Vol. 15, pp. 274-305, 
1940. [Bibliography of 1 page.] 

Exper, J. H. Attempt to recover sodium pregnandiol glucuronidate from chimpanzee 
pregnancy urine. Proceedings of the Society for Experimental Biology and 
Medicine, Vol. 46, pp. 57-59, 1941. [11 bibliographic footnotes.] 

Gerarp, RatpoH W. The Body Functions: Physiology. New York and London 
(John Wiley and Sons), 1941. Pp. xiii + 289. 8% X 5% inches. $1.75. 
[Bibliography at end of each chapter and bibliography of 4% pages.] 

Gerirnc, C. J. The Complete Weight Reducer. New York (Harvest House), 
1941. Pp. 246. 8 X 5% inches. $3.00. 

JatLer, JosepH W. The effect of castration and androgen therapy on creatine and 
creatinine excretion in monkeys. The American Journal of Physiology, Vol. 
130, pp. 503-511, 1940. [Bibliography of 28 titles.] 

Lr, R. C. Gonadotropic potency of gonadectomized rats’ pituitary after tryptic 
digestion. Proceedings of the Society for Experimental Biology and Medicine, 
Vol. 43, pp. 598-600, 1940. [2 bibliographic footnotes.] 

Lr, R. C., and S. Y. P’an. The adrenal weight in rats living parabiotically with 
adrenalectomized partners. Chinese Journal of Physiology, Vol. 15, pp. 327- 
334, 1940. [14 bibliographic footnotes.] 

Manoney, Joun J. Relative influence of genic and hormonal factors in the develop- 
ment of the female prostate gland. Anatomical Record, Vol. 79, Supplement to 
No. 3, pp. 45-46, 1941. 

Mutts, C. A., and Corpetra Ocie. Ease of body heat loss as a basic developmental 
and functional factor in warm-blooded animals. American Journal of Physi- 
ology, Vol. 125, pp. 36-40, 1939. [6 bibliographic references.] 

Moore, Merritt, THEoporE Souter, and Leo ALEXANDER. Bromide intoxication. 
A review. Confinia Neurologica, Vol. 3, Fasc. %, pp. (of reprint) 52, 1940. 
[Bibliography of 8o titles.] 

P’an, S. Y. The gonadotropic potency of the anterior lobe of the pituitary of the 
thyroidectomized rats and rabbits. Chinese Journal of Physiology, Vol. 15, 

pp. 189-196, 1940. [14 bibliographic footnotes.] 
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Von RECKLINGHAUSEN, HeErnricuw. Blutdruckmessung und Kreislaufin in den 
Arterien des Menschen. Dresden und Leipsig (Theodor Steinkopff), 1940. 
Pp. xx + 532. 9% X 6% inches. RM. 30.00 (paper). [Bibliography of 14 
pages. ] 

Werner, Sipney C. A quantitative study of the urinary excretion of hypophyseal 
gonadotropin, estrogen, and androgen of normal women. The Journal of 
Clinical Investigation, Vol. 20, pp. 21-30, 1941. [Bibliography of 35 titles.] 

Witson, James G., Writ1am C. Younc, and James B. Hamitton. A technic 
suppressing development of reproductive function and sensitivity to estrogen in 
the female rat. The Yale Journal of Biology and Medicine, Vol. 13, pp. 189-202 
+ 3 plates, 1940. [Bibliography of 27 titles.] 

Wirtscul, Emm, and N. W. Fuco. Response of sex characters of the adult female 
starling to synthetic hormones. Proceedings of the Society for Experimental 
Biology and Medicine, Vol. 45, pp. 10-14, 1940. 


2. Senescence, Senility and Longevity 
[Vacant] 


3. Biochemistry 


BAMANN, Evucen, and Kart MyrsAcx [Editors]. Die Methoden der Ferment- 
forschung. Lieferung 8. Leipsig (Georg Thieme), 1941. Pp. 2589-3047. 
11 X 8 inches. RM. 34.50 (paper). 

Brancu, Geracp E. K., and Mervin Carvin. The Theory of Organic Chemistry. 
An Advanced Course. New York (Prentice-Hall), 1941. Pp. xix + 523. 
9 X 5% inches. $4.00. [Bibliographic footnotes throughout. ] 

Hoimes, ArtHur D., Francis Tripp, and G. Howarp Satrerrietp. Correlation of 
egg production with vitamin A, ascorbic acid, mineral reserves and body weight 
of laying hens. Poultry Science, Vol. 19, pp. 435-442, 1940. [Bibliography of 
17 titles.] 

Hotmes, Harry N. Out of the Test Tube. New York (Emerson Books), 1941. 
Pp. 305. 9 X 6 inches. $3.00. 

Kennepy, Joun,.S. Lethal concentration and mode of action of copper sulphate 
used as a mosquito larvicide. Journal of Economic Entomology, Vol. 34, pp. 
86-89, 1941. [Bibliography of 6 titles.] 

Kottuorr, I. M., and J. J. Lrncane. Polarography. Polarographic Analysis and 
Voltammetry. Amperometric Titrations. New York (Interscience Publishers), 
1941. Pp. xvi + 510. 9 X 5% inches. $6.00. [Bibliographic footnotes 
throughout. ] 

LENNETTE, Epwin H., and Franx L. HorsrFai, Jr. Studies on influenza virus. 
The complement-fixing antigen of influenza A and swine influenza viruses. 
Journal of Experimental Medicine, Vol. 73, pp. 581-599, 1941. [Bibliography 
of 16 titles.] 

Luck, James M., and James H. C. Smit [Editors]. Annual Review of Bio- 
chemistry, Vol. X. Stanford University P. O. (Annual Reviews, Inc.), 1941. 
Pp. xi + 692. 8% X 6 inches. $5.00. [Bibliography at the end of each 
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